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If I can be of any further assistance, please do not hesitate in contacting me.
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MINUTES OF THE MEETING
OF

LOUISIANA WILDLIFE AND FISHERIES COMMISSION 

Thursday, February 5, 1998

Chairman Tom Cattle presiding.

Jerald Hanchey 
Thomas Kelly 
Glynn Carver 
Bill Busbice 
Danny Babin 
Norman McCall

Secretary James Jenkins, Jr. was also present.

Chairman Cattle called for a motion for approval of the 
January 8, 1998 Commission Minutes. A motion for approval was made 
by Commissioner Babin and seconded by Commissioner Carver. The 
motion passed with no opposition.

Introduction and Presentation by Louisiana Wildlife & 
Fisheries Foundation to the Commission began with Commissioner 
Carver stating he has mentioned the Foundation in the past. From 
suggestions of former Secretary Joe Herring, the driving force 
behind establishing the Foundation was Mr. Marc Dupuy. He then 
asked Mr. Dupuy to come forward and inform the Commission of 
projects by the Foundation. Mr. Dupuy stated he sat on the 
Commission from 1973 until 1979. Then approximately 13 years ago, 
Operation Game Thief became established. He then wanted to speak 
on the Foundation and felt it would be as important to the 
preservation of the natural wildlife resources as Operation Game 
Thief. Mr. Dupuy stated Mr. Herring dreamed of creating a 
Foundation that would promote the welfare of the Department and 
Commission. In December 1995, the Foundation came to reality. The 
original members of the Foundation were Mr. John Campbell, Jr., 
Commissioner Glynn Carver, Mr. Marc Dupuy, Mr. Jim Hall, Mr. John 
Jackson, III, Mr. Cliff Penick and Mr. Don Kelly. The Secretary of 
the Department and Chairman of the Commission serve as ex-officio 
members of the Foundation. The Foundation is a charitable 
organization and is operated for the benefit and support of a 
public agency. If money is donated to the Foundation and for a 
specific cause, you can be assured that money and purpose will be 
accomplished. In the last two years, over $60,000 has been 
contributed to the Foundation and dedicated to such programs as 
hunter youth education and woodduck boxes. A new brochure was
provided for the Commissioner's information. Then a video was 
shown on the Arkansas Game and Fish Foundation which explained the 
broad scope which they work under. Following the video, Mr. Dupuy 
introduced Mr. John Campbell, Jr., the newly elected President of



the Foundation. Mr. Campbell expressed his appreciation for the 
opportunity to make a presentation. The intent of the Foundation 
for this year is to raise funds for the employment of an Executive 
Director. Twenty states have Foundations of this type with only 8 
or 9 having an Executive Director on staff, stated Mr. Campbell. 
He then thanked Mr. Dupuy for his personal and professional time 
spent as President of the Foundation. Mr. Campbell concluded 
stating he hoped to report later this year on the hiring of an 
Executive Director. Chairman Cattle thanked them for the 
presentations and stated it parallels the mandates of the 
Commission in preserving the natural resources of the State. 
Commissioner Busbice asked how much money has Arkansas' Foundation 
raised since it has been established? Mr. Dupuy stated it has 
raised $4.5 million.

Chairman Cattle asked if anyone was in attendance for the next 
item. Deer Farming Rule Discussion Regarding Mr. Donnell1s Farm, to 
which no one answered.

Mr. Harry Blanchet presented the 1998 Profiles and stock 
Assessment for Sheepshead, Southern Flounder, Striped Mullet & 
Black Drum. The stock assessments are similar to last year's as 
are the results from last year, began Mr. Blanchet. The biological 
and fishery profiles are also updates, but on three of the species, 
there was no new scientific biological information available. Some 
minor typographical errors were found in some of the reports, and 
Mr. Blanchet requested approval from the Commission to fix them 
before they were sent to the Legislature. He then went over the 
natural mortality rates and spawning potential ratios for each of 
the four species. Commissioner Babin asked if stock assessments 
were needed each year for each species? Mr. Blanchet stated that 
was correct. Then Commissioner Babin asked where were the reports 
for redfish and speckled trout and would there be assessment 
reports for them this year? Mr. Blanchet stated he was not sure, 
but the staff would continue to monitor the stocks for redfish and 
speckled trout. Commissioner Babin felt redfish and speckled trout 
were on more people's minds than mullet or sheepshead and wondered 
why there was not a complete work-up to show the health of the 
stocks. Chairman Cattle asked if these reports were an annual 
event mandated by the Legislature? Mr. Blanchet answered yes. 
Commissioner Carver asked how many years would these reports have 
to be prepared? Mr. Blanchet stated there was no sunset time, 
these reports would be prepared until the law was changed. 
Chairman Cattle asked if there was a mandate for this year to 
report on stocks and profiles for redfish and speckled trout? 
Commissioner Babin stated the Commission needs to know what the 
Legislatures intent was if, in fact, they wanted redfish and 
speckled trout taken out. Mr. Blanchet again stated the staff 
would continue monitoring those stocks and if a problem should 
arise, then they would make the Commission aware of it. Chairman 
Cattle asked Mrs. Karen Foote if the Commission would be looking at 
stock assessments and profiles for redfish and speckled trout this
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year? Mrs. Foote stated the last assessments were a result of 
three resolutions and was not part of the statute. She also stated 
the Marine Fisheries Division would continue looking at the stocks. 
Mr. Blanchet asked the Commission to make a motion to accept the 
reports and pass them on to the Legislature prior to March 1 
including the typographical corrections mentioned earlier. Hearing 
no further questions, Chairman Cattle asked for a motion. 
Commissioner McCall made the motion and it was seconded by 
Commissioner Kelly. The motion passed with no opposition.

The Monthly Law Enforcement Report for January was given by 
Major Keith LaCaze. The following numbers of citations were issued 
during the month of January.

Region I - Minden - 79 citations.

Region II - Monroe - 93 citations.

Region III - Alexandria - 106 citations.

Region IV - Ferriday - 105 citations.

Region V - Lake Charles - 197 citations.

Region VI - Opelousas - 140 citations.

Region VII - Baton Rouge - 231 citations.

Region VIII - New Orleans - 214 citations.

Region IX - Thibodaux - 369 citations.

Statewide Strike Force - 36 citations.

Seafood Investigative Unit - 41 citations.

SWEP - 23 citations.

Oyster Strike Force - 54 citations.

The grand total of citations issued statewide for the month of 
January was 1,534. Major LaCaze stated the number of hunting 
violations was easing off, but picking up with fishing violations.

The aviation report for January 1998 showed enforcement pilots 
flew two airplanes a total of 31.1 hours for enforcement and 36.0 
hours for other divisions.

Commissioner Babin asked the status on the Agent fired upon in 
Region VIII? Major LaCaze stated it was still an ongoing 
investigation. Commissioner Hanchey asked what kind of bird hit 
the 210 and how much damage did the plane suffer? Major LaCaze
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stated a goose got too close to the plane and the plane would need 
a new wing assembly.

Chairman Cattle then asked for the first of the Division 
Reports on the Deer Hunting Season. Mr. Dave Moreland stated the 
1997-98 deer season was better than the previous year. But the 
weather in December and January prevented it from being a great 
year. Statewide harvest has been on the increase and it is 
expected to be in the 225,000 range for this season. The numbers 
of hunters have declined according to license sales which is 
similar to what is occurring across the country. Archery hunting 
success was down during the months of October and January due to 
the weather. An increase in participation and deer harvest has 
occurred with the muzzleloader hunters during the 1996-97 season 
and should be even higher with the 1997-98 season. Several slides 
were shown of record deer killed. The traditional Thanksgiving 
Wildlife Management Area hunts were successful with harvesting an 
additional 1,000 deer over last year's hunt. The major goal on the 
WMAs is to manage for a healthy deer herd that is in balance with 
the habitat, stated Mr. Moreland. Hunters in Areas 2 and 3 had 
good success. The hunters in Areas 1 and 6 saw good rutting until 
the rains and warm weather set in, but it was expected the harvest 
was good. DMAP participation increased again this year with the 
Lake Charles area having the most DMAP cooperators. Mr. Moreland 
stated he received two reports of non-typical deer killed (one in 
Webster Parish and the other in West Feliciana Parish) that would 
make the Boone & Crockett record books for that category. Reports 
of typical deer from across the state may also make the Boone & 
Crockett records as well as the State Record Book. Mr. Moreland 
then tried to answer the question, what can be expected for next 
year? The staff has developed the position that they would like 
each landowner or hunting club to decide their own management 
program. Biological data is collected during the year to determine 
the timing of the season.

An unidentified speaker asked why are the doe days scheduled 
early on in the season? Mr. Moreland stated the opening days of 
the season are the best days to harvest a deer and that was why doe 
days were scheduled early.

The Waterfowl Hunting Season Report was given by Mr. Robert 
Helm. He began stating the actual results of the season would not 
be available until July when the federal harvest surveys come in. 
At this point, Mr. Helm showed slides on some of the history of 
waterfowl regulations, harvest and population levels. An estimated 
92 million birds was given as the fall flight index. The season 
appeared to be optimistic based on the high breeding population 
level. A slide showing the regulations over the last 20 years 
depicted 1997 as the most liberal in many years. The number of 
licensed hunters reflected the type of regulations with more 
hunters during liberal years and a dramatic drop in numbers during 
more restrictive years. Mr. Helm expected the number of hunters
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for this year to exceed 100,000♦ The harvest numbers rise and fall 
just as the hunter numbers do with the type of regulations for each 
season. Season framework extension is an issue that has been dealt 
with and will continue to be dealt with. Louisiana, as well as 
other states, have been petitioning the U.S. Fish and Wildlife 
Service to extend the season until the end of January. Mr. Helm 
explained a slide that showed the average numbers of dabbling ducks 
and mallards in the State for the months of November, December and 
January.

Mr. Helm stated there were three waterfowl surveys conducted 
for this season and populations recorded went from 3 million in 
November up to almost 4 million in January. The number of snow 
geese has increased steadily with a report of 1.2 million in 
December and 150,000 specklebellies. The dry weather from July 
into December resulted in water only in the coastal zones. The 
winter conditions have been too mild to move many birds south, 
stated Mr. Helm. Results from southwest Louisiana showed habitat 
conditions were good until the rains came in January when hunting 
success fell. The Creole region appeared to be a bright spot. 
Grand Chenier was spotty with more diving ducks being taken. The 
rice regions had below average success. Southeast Louisiana had 
similar reports with low water during the first split and 3-D 
seismic impacting the hunting. Catahoula Lake, central and 
northeast regions had good reports but hunter success was better 
the first split. Overall the season was average with the mild 
weather and good habitat to the north stopping birds from coming 
into Louisiana.

An unidentified speaker asked about using electronic calls. 
Mr. Helm stated Louisiana State University is conducting a research 
project on electronic calls and he felt there would be a good 
chance of using them in a few years.

Mr. Carl Gremillion asked what was the mallard count?

Commissioner Babin asked if the Department was going to 
continue petitioning the U.S. Fish and Wildlife Service to extend 
the season to the end of January? Mr. Helm stated yes.

Mr. Carl Gremillion then asked if it was anticipated to have 
more than 60 days and 6 birds for next year? Mr. Helm answered no.

Mr. Paul Davidson gave the last Division Report, a 
Presentation on Black Bears in Louisiana. He began by giving a 
brief history on the bear throughout the United States. One of 16 
known species of black bears can be found in Louisiana, commonly 
referred to as the Louisiana Black Bear. In 1990, the U.S. Fish & 
Wildlife Service proposed to list the black bear as threatened 
under the Endangered Species Act. A group of people met in October 
1990 and developed a statement that a coordinated and collaborative 
effort would be required among all interests that control or own
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land in the region. The goal was to establish numbers of. bears 
again where it could be delisted and have a harvestable population. 
The coalition that was formed is called the Black Bear Conservation 
Committee and members represent 65 different organizations. The 
bear is a long lived animal with low reproductive potential. The 
Committee consists of research, information and education, conflict 
management and habitat management. As many as nine Universities 
have participated in bear research projects and currently LSU, with 
funding through this agency, is involved in a project. 
Approximately 200 different bears have been trapped and collared in 
Louisiana since 1990. A lot of data on movement and habitat needs 
has been collected over the last 5 or 6 years resulting in more 
information available now on the black bear than on any other 
species. Since 1992, almost 200,000 acres have been restored to 
tree seedlings for the black bear. The Committee works with 
landowners and timber companies that promote cottonwood planting 
where soil is suitable. To promote the bear, potential conflicts 
with the bear needed to be dealt with, stated Mr. Davidson. An 
example of resolving a conflict management was dealt with last year 
with beehives in Wilkinson County, Mississippi, stated Mr. 
Davidson. BFI and Waste Management have also cooperated in bear 
proofing dumpsters. The education segment of the Committee has 
helped in educating hunters on the status of the bear and potential 
penalties and two management handbooks for landowners have been 
written. By involving local communities and landowners, Mr. 
Davidson felt there could be a strategy developed that would 
protect their interests and also address the needs for bears. He 
then stated he was available to travel throughout the state and 
talk to any organization that would like to have more information 
on the Black Bear Conservation Committee. Collaborative effort 
does work, stated Mr. Davidson and it allows the average citizen to 
be involved in a management issue.

Mr. Don Puckett handled the next agenda item. Notice of Intent 
- Amendment of By-Laws. He reminded each Commissioner of a letter 
they received with two attachments which recites the intention to 
amend the Election of Officers in the By-Laws from the January 
meeting to the December meeting. A copy of the draft of the 
proposed amendment was included with the letter. Action can be 
taken at the March meeting, stated Mr. Puckett. Chairman Cattle 
asked if a motion was needed at this meeting? Mr. Puckett stated 
no. Commissioner Babin asked if comments should be made when 
voting on the issue? Mr. Puckett stated the Commission can make 
comments at this meeting or the next.

After several minutes of discussion, the Commissioners decided 
to hold the June 1998 Meeting on Thursday, June 4, 1998 beginning 
at 10:00 a.m. at the Baton Rouge Headquarters.

Chairman Cattle then asked if there were any Public Comments. 
Mr. Charlie Smith, with the Louisiana Charterboat Captain's 
Association, stated he felt the Commission would benefit from
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information provided by the Association. He explained how the 
charterboat license fees became law. The law went through 
extensive legislative hearings over the daily fee limits. He then 
introduced Captain Geoghegan, President of the Association for his 
comments.

Captain A. D. Geoghegan began stating the Louisiana 
Charterboat Captain's Association was formed a few years ago to 
promote professionalism in the industry. The goal is to make the 
organization as professional as it can be and to help the State 
promote tourism. The biggest area of concentration is to promote 
and spend money getting sponsors to back the Association on the 
fishing industry in the State. The Captain's pay $250 for their 
license fees and then the tourists that board their boats pay $2.50 
for a license and $3 for a stamp to fish up to 3 days on 
consecutive trips. When the dollar amounts are calculated for 
1997, it will be realized how legitimate the industry really is. 
Captain Geoghegan begged the Commission not to make a reciprocal 
license agreement with other states. Commissioner Babin asked if 
the Association had a problem with documenting their catch on a 
daily basis so the Department can get a better handle on the 
species? Captain Geoghegan stated it was every Captain's intent to 
cooperate with any type of reporting for the Department. Another 
goal for the Association is to keep the stock in the water and not 
deplete it. Captain Geoghegan explained some of the insurance 
requirements his Association enforces as well as making sure the 
Captains are current on their state income taxes. Commissioner 
Babin asked how many charterboat captains belong to the 
organization? He answered 50 out of about 175 licensed captains. 
Commissioner McCall asked if the organization was statewide and are 
the Captains from the Cameron area in the organization? Captain 
Geoghegan stated, if the individual was licensed, they received a 
letter urging and inviting them to join the Association. He then 
asked why is there a law that does not allow advertising within the 
State to promote the State? Commissioner Busbice stated he would 
need to contact the Lieutenant Governor's office for that answer.

There being no further business. Commissioner Babin made a 
motion to Adjourn the meeting and it was seconded by Commissioner 
Busbice.

Jame
Secreta

JHJ:sch
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MINUTES OF THE MEET: 

OF

LOUISIANA WILDLIFE AND FISHER] KJL'VXMa) ,
Thursday, February

Chairman Tom Cattle presiding.

Jerald Hanchey 
Thomas Kelly 
Glynn Carver 
Bill Busbice 
Danny Babin 
Norman McCall

Secretary James Jenkins, Jr. was also present.

Chairman Cattle called for a, . motion for approval of the 
January 8, 1998 Commission Minutes, A motion for approval was made 
by Commissioner Babin and seconded oy Commissioner Carver. The 
motion passed with no opposition.

Introduction and Presentation by Louisiana Wildlife & 
Fisheries Foundation tO|||pe Commission began with Commissioner 
Carver stating he has mentioned the Foundation in the past. From 
suggestions of formerJyicretary Joe Herring, the driving force 
behind establishing. tSF Foundation was Mr. Marc Dupuy. He then 
asked Mr. Dupuy to come forward and inform the Commission of 
projects by the Foundation. Mr. Dupuy stated he sat on the
Commission from 1973 until loyg'T" Then approximately 13 years ago, 
Operation Game Thief bee inn established. He then wanted to speak 
on the Foundation and felt it would be as important to the 
preservation of the natural wildlife resources as Operation Game 
Thief. Mr. Dupuy stated Mr. Herring dreamed of creating a
Foundation th it would promote the welfare of the Department and 
Commission. In December 1995, the Foundation came to reality. The 
origphal members of the Foundation were Mr. John Campbell, Jr., 
Commissioner Glygp Carver, Mr. Marc Dupuy, Mr. Jim Hall, Mr. John 
Jackson, III, MrHfCliff Penick and Mr. Don Kelly. The Secretary of 
the Department #nd Chairman of the Commission serve as ex-officio 
members of tiil Foundation. The Foundation is a charitable 
organization and is operated for the benefit and support of a 
public agency. If money is donated to the Foundation and for a 
specific cause, you can be assured that money and purpose will be 
accomplished. In the last two years, over $60,000 has been 
contributed to the Foundation and dedicated to such programs as 
hunter youth education and woodduck boxes. A new brochure was 
provided for the Commissioner's information. Then a video was 
shown on the Arkansas Game and Fish Foundation which explained the 
broad s c o p e w h i c h  they work under. Following the video, Mr. 
Dupuy introduced Mr. John Campbell, Jr., the newly elected
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President of the Foundation. Mr. Campbell expressed his 
appreciation for the opportunity to make a presentation. The 
intent of the Foundation for this year is to raise funds for the 
employment of an Executive Director. Twenty states have 
Foundations of this type with only 8 or 9 having an Executive 
Director on staff, stated Mr. Campbell. He then thanked Mr. Dupuy 
for his personal and professional time spent as President of the 
Foundation. Mr. Campbell concluded stating he hoped^o report 
later this year on the hiring of an Executive DdrectorChairman 
Cattle thanked them for the presentations and stated it parallels 
the mandates of the Commission in preserv^^g the ntitur.il resources 
of the State. Commissioner Busbice jfi|liid how much money has. 
Arkansas' Foundation raised since it Jp-s been established? tgg|F 
Dupuy stated it has raised $4.5 million'. .JP * - 'T

Chairman Cattle asked if anyone was in.attendance for the next 
item. Deer Farming Rule Discussion Regarding Mr. Donnell's Farm, to 
which no one answered.

Mr. Harry Blanchet presented th" 1998 Profiles and Stock 
Assessment for Sheepshead, SouthernFlounder, Striped Mullet & 
Black Drum. The stock assessments are similar to lart years as are 
the results from last year, began Mr,Blanchet. P|Ee biological and 
fishery profiles are also updates, but oh three of the species, 
there was no new scientific b#6logic#i'information available. Some 
minor typographical errors^fFere fjpfnd in some of the reports, and 
Mr. Blanchet requested approval from the Commission to fix them 
before they were sent to sthe Legislature. He then went over the 
natural mortality ratef||ihd spawning potential ratios for each of 
the four species. CoSEissioner Babin asked if stock assessments 
were needed each year for each spuiiru? Mr. Blanchet stated that 
was correct. Then Commissioner Babin asked where were the reports 
for redfish and speckled trout and would there be assessment 
reports for them this' year? Mr. Blanchet stated he was not sure, 
but the staff would continue :o monitor the stocks for redfish and 
speckled trout. Commissioner Babin felt redfish and speckled trout 
were on more people's minds than mullet or sheepshead and wondered 
why th^pk* was not a complete work-up to show the health of the 
stocksl^ Chairman Cattle asked if these reports were an annual 
evepK mandated by tho Legislature? Mr. Blanchet answered yes. 
Commissioner Carver asked how many years would these reports have 
to be prepared?# Mr. Blanchet stated there was no sunset time, 
these reports jpould be prepared until the law was changed. 
Chairman Gatjgjl asked if there was a mandate for this year to 
report on stoi ks and profiles for redfish and speckled trout? 
Commissioner Babin stated the Commission needs to know what the 
Legislatures intent was ifvin fact/£hey wanted redfish and speckled 
trout taken out. Mr. <felanchet/ again stated the staff would 
continue monitoring those stocks and if a problem should arise, 
then they would make the Commission aware of it. Chairman Cattle 
asked Mrs. Karen Foote if the Commission would be looking at stock 
assessments and profiles for redfish and speckled trout this year?
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Mrs. Foote stated the last assessments were a result of three 
resolutions and was not part of the statute. She also stated the 
Marine Fisheries Division would continue looking at the stocks. 
Mr. Blanchet asked the Commission to make a motion to accept the 
reports and pass them on to the Legislature prior to March 1 
including the typographical corrections mentioned earlier. Hearing 
no further questions, Chairman Cattle asked for a motion. 
Commissioner McCall made the motion and it was sedbnded by 
Commissioner Kelly. The motion passed with no opposition.

The Monthly Law Enforcement Report for January was given by 
Major Keith LaCaze. The following numbers of citations were issued, 
during the month of January. ‘ x ^

Region I - Minden - 79 citations.

Region II - Monroe - 93 citations.

Region III - Alexandria - 106 citations.

Region IV - Ferriday - 105 citations. 

Region V - Lake Charles - 197 citations. 

Region VI - Opelousas 14 0 citations* 

Region VII - Baton Rouge - 2 3 1  citations.
JrRegion VIII - New Orleans - 214 citations. 

Region IX - I’h i bod.iux - 369 cirations. 

Statewide Strike Force - 36 citations.

Seafood Investigative Unit - 41 citations.

SWEP - 23 citations.
' ' '|pyster strike Force - 54 citations.

The grand to.|al of citations issued statewide for/the month of 
January was l,5|p. Major LaCaze stated the number^ f-er^hunting 
violations was Jlasing off, but picking up fer fishing violations.

The aviation report for January 1998 showed enforcement pilots 
llrw two airplanes a total of 31.1 hours for enforcement and 36.0 
hours lor other divisions.

Commissioner Babin asked the status on the Agent fired upon in 
Region VIII? Major LaCaze stated it was still an ongoing 
investigation. Commissioner Hanchey asked what kind of bird hit 
the 210 and how much damage did the plane suffer? Major LaCaze
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stated a goose got too close to the plane and the plane would need 
a new wing assembly.

Chairman Cattle then asked for the first of the Division 
Reports on the Deer Hunting Season. Mr. Dave Moreland stated the 
1997-98 deer season was better than the previous year. But the 
weather in December and January prevented it from being a great 
year. Statewide harvest has been on the increase A d it is 
expected to be in the 225,000 range for this season. ;|ple numbers 
of hunters have declined according to license sales which is 
similarto what was occurring across the country. Archery hunting 
success was down during the months of October and January due t^ 
the weather. An increase in participation and doer harvest 
occurred with the muzzleloader hunters? during,,y,tho 199u-9, season 
and should be even higher with the 199f%8 sejlon. Several: si ides 
were shown of record deer killed. The traditional Thanksgiving 
Wildlife Management Area hunts were successful with harvesting an 
additional 1,000 deer over last year's hunt. The major goal on the 
WMAs is to manage for a healthy deer herd that is in balance with 
the habitat, stated Mr. Moreland. Alters in Areas 2 and 3 had 
good success. The hunters in Arens 1 and t. saw good rutting until 
the rains and warm weather set in, but it was expected the harvest 
was good. DMAP participation increased again this year with the 
Lake Charles area having the most DMAP cooperiters. Mr. Moreland 
stated he received two repots of nprwfcypical deer killed (one in 
Webster Parish and the othegf in W$|ft Feliciana Parish) that would 
make the Boone & CrockettJrffcord Jpoks fgt that category. Reports 
of typical deer from across the^ statejpay also make the Boone & 
Crockett records as well as tj#- StateJlRecord Book. Mr. Moreland 
then tried to answer the question, what can be expected for next 
year') The staff has, developed the position that they would like 
each landowner or hunting club to decide their own management 
prograpi. Biological data is collected during the year to determine 
the timing ol the eoison.

An unidentified speaker asked why are the doe days scheduled 
early or in the season? Mr. Moreland stated the opening days of 
the season are the best days to harvest a deer and that was why doe 
days ,:S#re scheduled early.

The Waterfowl Hunting Season Report was given by Mr. Robert 
Helm. He began .gpating the actual results of the season would not 
be available unjlil July when the federal harvest surveys come in. 
At this pointprMr. Helm showed slides on some of the history of 
waterfowl refutations, harvest and population levels. An estimated 
92 million birds was given as the fall flight index. The season 
appeared to be optimistic based on the high breeding population 
level/ A slide showing the regulations over the last 20 years 
depicted 1997 as the most liberal in many years. The number of 
licensed hunters reflected the type of regulations with more 
hunters during liberal years and a dramatic drop in numbers during 
more restrictive years. Mr. Helm expected the number of hunters
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for this year to exceed 100,000. The harvest numbers rise and fall 
just as the hunter numbers do with the type of regulations for each 
season. Season framework extension is an issue that has been dealt 
with and will continue to be dealt with. Louisiana's well as 
other states^have been petitioning the U.S. Fish a?id Wildlife 
Service to extend the season until the end of January. Mr. Helm 
explained a slide that showed the average numbers of dabbling ducks 
and mallards in the State for the months of November, Dq^mber and 
January. IF

Mr. Helm stated there were three wa%%rfowl surveys conducted 
for this season and populations recorded & e n t ' from :3\million ip, 
November up to almost 4 million in January. The'humbcr^r-ofsn3w 
geese has increased steadily with a report^pf 1*2 million in 
December and 150,000 specklebellies. jjjThe dfy weather from July
into December resulted in water only in th#f coastal ?onon. The

J?

winter condl't ioh's-'^as) been too mild % to,move many birds south, 
stated Mr. Helm. Results from southwest Louisiana showed habitat 
conditions were good until the rains came in January when hunting 
success fell. The Creole region appeared to bo a bright spot. 
Grand Chenier was spotty with more diving dupfcs being taken. The 
rice regions had below average success. SouiMppi® Louisiana had 
similar reports with low water during the f { Q R  split and 3-D 
seismic impacting the hunting. Cat ihoula -Aake,__central and_/4
northeast regions had good reports butywas^better the first split. 
Overall the season was ayprage ^ith the mild weather and good 
habitat to the north stopping big#s from coming into Louisiana.

4 %4?

%

An unidentified speaker asked about using electronic calls. 
Mr. Helm stated Louisiana State University is conducting a research 
project on electr;c|||^|fcalls and ho felt there would be a good 
chance of using them in a few yean.

Mr.. Carl Gremillion asked what was the mallard count?

Commissioner Babin asked if the Department was going to 
continue petitioning the U.S. Fish and Wildlife Service to extend 
the seassbn to the end of January? Mr. Helm stated yes.

4 #  ...
Mr. Carl Gremillion then asked if it was anticipated to have 

mote than 60 days and 6 birds for next year? Mr. Helm answered no.

Mr. Paul Davidson gave the last Division Report, a 
P r e s e n t a t i o n B l a c k  Bears in Louisiana. He began by giving a 
brief historpion the bear throughout the United States. One of 16 
known species of black bears can be found in Louisiana, commonly 
referred to as the Louisiana Black Bear. In 1990, the U.S. Fish & 
Wildlife Service proposed to list the black bear as threatened 
under the Endangered Species Act. A group of people met in October 
1990 and developed a statement that a coordinated and collaborative 
effort would be required among all interests that control or own 
land in the region. The goal was to establish numbers of bears
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again where it could be delisted /and have a harvestable population. 
The coalition that was formed i^called the Black Bear Conservation 
Committee and members range=st© 65 different organizations/ The 
bear is a long lived animal with low reproductive potentials. The 
Committee consists of research, information and education, conflict 
'management^? and habitat management. As many as nine Universities 
have participated in bear research projects and currently LSU, with 
funding through this agency, is involved in a^project. 
Approximately 200 different bears have been trapped and cellared in 
Louisiana since 1990. A lot of data on movement and habitat needs 
has been collected over the last 5 or 6j|years' resulting in more 
information available now on the bla(^§|p^ar than on any other;, 
species. Since 1992, almost 200,000 acj|p!f have bt-en restored 

/ /  iJhto tree seedlings for the black bear*; The Committee works with 
^  landowners and timber companies that ̂ promot^cottonwood planting 

where soil is suitable. To promote the bear', potential conflicts 
with the bear needed to be dealt with, stated Mr. Davidson. Ah 
example of resolving a conflict management was dealt with last year 
with beehives in Wilkinson County, Mississippi, stated Mr... 
Davidson. BFI and Waste Management {#Sas— also cooperated in bear 
proofing dumpsters. The education,..segment of the . Committee has

-A

helped in educating hunters on the status ot the bear and potential 
penalties and two management handbooks for landowners "
written. By involving loc^k corrun31 1e a n d  landowners, Mr. 
Davidson felt there couldj||e a .strategy developed that would 
protect their interests an^falso jpfaress the needs for bears. He 
then stated he was avaiMple tqi|Eravel throughout the state and 
talk to any organization that would likE to have more information 
on the Black Bear Conservation CommySee. Collaborative effort 
does work, stated Mr. Davidson and it allows the average citizen to 
be involved in a management issue.

Mr* Don Puckett handled the"next agenda item. Notice of Intent 
- Amendment of By-Laws. He reminded each Commissioner of a letter 
they received with two attachments which recites the intention to 
amend the Elect inn of Officers in the By-Laws from the January 
meeting to the December meeting. A copy of the draft of the 
proposjgP amendment waL. included with the letter. Action can be 
take^||Et the March meeting, stated Mr. Puckett. Chairman Cattle 
askelPif a motion was needed at this meeting? Mr. Puckett stated 
no* Commission^# Babin asked if comments should be made when 
voting on the igsue? Mr. Puckett stated the Commission can make 
comments at th^fTmeeting or the next.

After^several minutes of discussion, the Commissioners decided 
to hold the June 1998 Meeting on Thursday, June 4, 1998 beginning 
at 10:00 a.m. at the Baton Rouge Headquarters.

Chairman Cattle then asked if there were any Public Comments. 
Mr. Charlie Smith, with the Louisiana Charterboat Captain's 
Association, stated he felt the Commission would benefit from 
information provided by the Association. He explained how the

6



charterboat license fees became law. The law went through 
extensive legislative hearings over the daily fee limits. He then 
introduced Captain Geoghegan, President of the Association for his 
comments.

Captain A. D. Geoghegan began stating the Louisiana 
Charterboat Captain's Association was formed a few years ago to 
promote professionalism in the industry. The goal is tj^make the 
organization as professional as it can be and to helj^the State 
promote tourism. The biggest area of concentration is to promote 
and spend money getting sponsors to back the Association on the 
fishing industry in the State. The Captain's pay $2b0 tor their, 
license fees and then the tourists that board their boats pay $2.,|fiF 
for a license and $3 for a stamp Jjtb fis&^Rip xto 3 "days Ê>n 
consecutive trips. When the dollar amount^8'are calculated lor 
1997, it will be realized how legitimate the industry ,really is. 
Captain Geoghegan begged the Commission not to make a recipiocal 
license agreement with other states. Commissioner Babin asked if 
the Association had a problem with documenting their catch on a 
daily basis so the Department can N1fet a better handle on the 
species? Captain Geoghegan stated it was every Captain's intent to 
cooperate with any type of reporting for the Department. Another 
goal for the Association is to keep the stock irflpfche water and not 
deplete it. Captain GeogheglSi explained icme of the insurance 
requirements his Associatiqjf|*sentorce.-, as well as making sure the 
Captains are current on their st#te income taxes. Commissioner 
Babin asked how many charterboat .captains belong to the 
organization? He answered 50 o^E of about 175 licensed captains. 
Commissioner McCall askflFlf the organization was statewide and are 
the Captains from the .Cameron area in the organization? Captain 
Geoghegan stated, if the individual :.«is licensed, they received a 
letter urging and inviting them to join the Association. He then 
asked why is" there a law that does not allow advertising within the 
State to promote the State.’ Commissioner Busbice stated he would 
need to contact the Lieutenant Governor's office for that answer.

There being no tuither business, Commissioner Babin made a 
motion.^to Adjourn the meeting and it was seconded by Commissioner 
Busbidl.

JHJ:sch

James H. Jenkins, Jr. 
Secretary
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James H . Jenkins, Jx. 
Secretary

Department of Wildlife and Fisheries M.J. "Mike" Foster, Jr.
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February 12, 1998

Honorable Craig Romero 
Chairman of the Senate Committee 
on Natural Resources 

State Capitol 
Baton Rouge, LA 70804

Honorable John R. Smith 
Chairman of the House Committee 
on Natural Resources 

State Capitol 
Baton Rouge, LA 70804

Gentlemen:

In compliance with Act 1316 of the 1995 Regular Legislative 
Session, the Louisiana Marine Resources Conservation Act of 1995, 
enclosed are the annual reports on striped mullet, black drum, 
sheepshead and southern flounder which include profiles of the 
species, stock assessments, and spawning potential ratios. Also 
included are comments- received to date from peer review. These 
reports were adopted by the Louisiana Wildlife and Fisheries 
Commission at its February 5, 1998 Meeting.

Thank you.

Honorable Randy Ewing 
Senate President 
P.O. Box 94183 
State Capitol 
Baton Rouge, LA 70804

Honorable Hunt Downer 
Speaker of the House 
P.O. Box 94062 
State Capitol 
Baton Rouge, LA 70804

Sincerely,

, Jr.
Secretary

JHJ:sch 

Enclosures

An Equal Opportunity Employer
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COMMISSION MEETING 
ROLL CALL

Thursday, February 5, 1998 
Baton Rouge, LA 

Wildlife & Fisheries Building

Attended Absent

Tom Cattle (Chairman) > Z

Tom Kelly v Z

Daniel Babin S'

Glynn Carver s

Bill Busbice z

Jerald Hanchey

Norman McCall Z

Mr. Chairman:

There are ^7 Commissioners in attendance and we have a quorum. 
Secretary Jenkins is also present.



AGENDA

LOUISIANA WILDLIFE AND FISHERIES COMMISSION 
BATON ROUGE, LA 
February 5, 1998 

10:00 AM

Roll Call

Approval of Minutes of January 8, 1998

Introduction and Presentation by Louisiana Wildlife & 
Fisheries Foundation to the Commission - Bob Love

Deer Farming Rule Discussion Regarding Mr. Donnell's Farm

1998 Profiles and Stock Assessment for Sheepshead, 
Southern Flounder, Striped Mullet & Black Drum - Harry 
Blanchet

Enforcement & Aviation Reports/January - Winton Vidrine

Division Reports
Deer Hunting Season Report - Dave Moreland 
Waterfowl Hunting Season Report - Robert Helm 
Presentation on Black Bears in Louisiana - Paul 
Davidson

1% ^  Notice of Intent - Amendment of By-Laws 

Set June 1998 Meeting Date 

uKX Public Comments 

Adjourn

7.
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AGENDA

LOUISIANA WILDLIFE AND FISHERIES COMMISSION 
BATON ROUGE, LA 
February 5, 1998 

10:00 AM

1. Roll Call

2. Approval of Minutes of January 8, 1998

3. Introduction and Presentation by Louisiana Wildlife & 
Fisheries Foundation to the Commission - Bob Love

4. Deer Farming Rule Discussion Regarding Mr. Donnell's Farm

5. 1998 Profiles and Stock Assessment for Sheepshead, 
Southern Flounder, Striped Mullet & Black Drum - Harry 
Blanchet

6. Enforcement & Aviation Reports/January - Winton Vidrine

7. Division Reports
a. Deer Hunting Season Report - Dave Moreland
b. Waterfowl Hunting Season Report - Robert Helm
c. Presentation on Black Bears in Louisiana - Paul 

Davidson

8. Notice of Intent - Amendment of By-Laws

9. Set June 1998 Meeting Date

10. Public Comments

11. Adjourn



FROM : DE? FMRI PHONE NO. : Jan. 27 1598 02:59PM P2

Department of
Environmental Protection

Lawcon Chiles 
Governor

Florida Marine Research Institute 
Division of Marine Resources

100 Eighth Avenue S.E. • St. Petersburg. Florida 33701-5095 
Phone: 81 3-896-8626 • Suncom: 523-1011 • FAX: 813-823-0166

Virginia B. Wetherell 
Secretary

27 January 1998

Harry Blanche:
Department of Wildlife and Fisheries
P.O. Box 98000
Baton Rouge, LA 70898-9000

Dear Harry,

Thanks for sending over the Stock Assessments again! I was charged with looking at 
Sheepshead and Black Drum. But before that, I hope all is well in LA. We drove through over 
the holidays on our way to my w ife’s folks for Christmas and it poured in Baton Rouge....thought 
I was in a hurricane it was so windy. As usual, the stock assessments are clear and concise and 
my comments probably read more like a wish list than a critical review.

The identity o f the stock structure has come under question in Florida. Some old 
literature reported specific, and later, subspecific differences in the Gulf. The boundary between 
these groups appears to be in the Big Bend area of Florida so if this is true it may have little to do 
with your fishery. As I remember it, W ilson et al.’s (1988) maturity data were limited because 
all the fish they sampled were from offshore and age 2 or older. In recent work here 
(unpublished and unreviewed) it appears that only 15% of age-2 fish arc mature and 60% of age- 
3 fish are mature. This has a significant impact on our SPR estimates. Tag-return rates for 
different-sized fish appear to indicate that larger sheepshead become less vulnerable to capture as 
they grow, i.e., the selectivity curve is not flat-topped. This ends up indicating that sheepshead 
are difficult to overfish. Since use o f this selectivity pattern is risk-prone in terms on resource 
conservation, I think the data need to be pretty strong to use this pattern in the model (although 
we did).

This one appears fine although, as you mention, age-length keys are real im portant for 
this species since it grows slowly after it matures and a particular length class can represent many 
ages. Also, without age-length keys you’ll miss occasional large year classes that black drum 
apparently produce.

Sheepshead

Black drum

See you in Pensacola in early March,

"Protect, Conserve and Manage Honda's Enw'ronmem and Natural Resources"

Printed on recycled poper.



FROM : DEP FMRI PHONE NO. : Jan. 29 1998 07:41PM P3

quite different Von Bertalanffy equation for female southern flounder from South Carolina.

Could your truncated age distribution reflect a history of high fishing pressure?

You may want to check your natural mortality calculations using Pauly’s method because 
I obtained a natural mortality value o f 0.68 per year using 22.7* C as a mean temperature instead 
o f 1.33 per year. Judging from the value o f 1.33, perhaps a sign was reversed in the calculations. 
The value o f 0.68 per year is more similar to your other estimates. Although it doesn’t make 
much difference, the intercept in Pauly’s paper was -0.0066 instead of the -0.0152 given in 
Sparre.

The draft would benefit from some catch-at-size and catch-at-age tables. You included 
the spreadsheet results from the regressions but none o f the data.

Thank you for the opportunity to review the assessment. If  you have any questions 
regarding my comments, call me at (813) 896-8626, E x t 4124.

Lt = 759(1  - e("0'235(t>0,570)))

Sincerely,

DIVISION OF MARINE RESOURCES

R obertO . M uller, Ph.D. 
Senior Research Scientist 
Stock Assessment Group



FROM : DEP FMRI PHONE NO. : Jan. 29 1S9S 07:40PM P2

Department of
Environmental Protection

Florida Marine Research Institute 
Division of Marine Resources

100 Eighch Avenue S.E. • Sc. Petersburg, Florida 33701-5095 
Phone: 8 13-896-8626 • Suncom: 523-1 Oi l *  FAX 813-823-0166

Lawton Chiles 
Governor

Virginia B. Wetherell 
Secretary

January 29, 1998

Mr. Harry Blanchet
Department o f W ildlife and Fisheries
P .O .B o x  98000
Baton Rouge, Louisiana 70898-9000 

Dear Harry,

Responding to your request to Ken Haddad to have someone review your stock 
assessments, I was asked to look at the southern flounder assessment. Your approach is straight
forward; however, I have some questions and comments. Why did you only use three years of 
used in the analyses? W hen did Louisiana start collecting lengths from the commercial landings? 
When did you start collecting otoliths for age-length keys? Do you have a minim um  size such 
that male fish are excluded from the fishery?

W ith regards to catch curves, Mike Murphy has a recent paper in Fisheries Bulletin 
showing that the semi-log method is biassed low and recommends using the Robson and 
Chapman method. Another com m ent on catch curves, we recently switched from  estimating 
total mortality from catch curves to a VP A approach for snook and found that the management 
advice based on catch curves was inappropriate because recruitment turned out not be constant. 
On one coast we had decreasing recruitment which showed up in the catch curves as low 
mortality and on the other coast we had increasing recruitment which showed up in the catch 
curves as high mortality. W e have been using Modified DeLury models when we have minimal 
data to see if  there are any patterns in recruitment. The advantage o f these is that they can be run 
with just catch and effort data.

As you know, yield-per-recruit and the spawning potential ratios are strongly dependent 
on natural mortality and with values of 0.7 per year the benchmarks are going to occur at very 
high fishing mortality rates and the spawning potential ratios will be high because the magnitude 
o f the unfished stock will be very low.

The von Bertalanffy growth curve seems at odds with the age-length key (Table 5.2). The 
maximum length in the equation is 509 mm and yet almost 9% of the fish in the age-length key 
are longer than the equation’s maximum length. Some o f the larger fish were only age-1 fish.
This indicates to me that the maximum size was underestimated which in turn raises the growth 
coefficient, K. The reason that I mention this is because the estimate o f natural mortality derived 
from the Pauly method is quite sensitive to K in the von Bertalanffy. Charlie W enner produced a

“Protect, Conserve and Manage Florida's Environment and Natural Resources”

Printed an recycled peper.



FROM : DE? FMRI PHONE NO. : Feb. 02 1998 12:28PM P2

Department of
Environmental Protection

Lawton Chiles 
Governor

Florida Marine Research Institute 
Division of Marine Resources

100 Eighth Avenue S.E. • Sc. Petersburg, Florida 33701-5095 
Phone: 813-896-8626 • Suncom: 523-1011 * FAX: 813-823-0166

Virginia B. Wecherell 
Secretary

February 2, 1998 

Mr. Harry Blanche!
Marine Fisheries Division, Finfish Programs Manager
Department o f  Wildlife and Fisheries
P.O. B ox 98000
Baton Rouge, LA 70898-9000

D ear Harry:

My comments regarding mullet stock assessment are brief: data and methods used in this 
assessment are appropriate, however, I believe the question o f gear selectivity and its effect on 
fishing mortality estimates should be further investigated in the future, through either gill net 
selectivity type studies or other approaches such as mark/recapture experiments. It seems that 
time closures in the fishery has already stabilized the sharp increase in landings observed in the 
past few years and SPR is at healthy level verified by fishery-independent and fishery-dependent 
monitoring indices.

Good luck and I will be seeing you soon sometimes in March.

Sincerely,

Behzad Mahmoudi
Research Scientist
Florida Marine Research Institute

"Protect, Conserve and Manage Florida’s Environment and Natural Resources'*

Printed on recycled paper.



STATES

Larry B. Simpson 
Executive Director

GULF STATES MARINE FISHERIES COMMISSION
P O. Box 726, Ocean Springs, MS 39566-0726 

(601) 875-5912 (FAX) 875-6604

February 2, 1998

Mr. Harry Blanche!
Louisiana Department o f  Wildlife and Fisheries
P.O. Box 98000
Baton Rouge, LA 70898-9000

My staff and I have reviewed your draft 1998 stock assessments as per your request. Unfortunately, 
with our combined, limited knowledge o f stock assessment techniques, w e have no further 
contributions. The data looks good and the analysis appears to be valid. Beyond that, w e are unable 
to make any additional comments. I am sorry that we couldn’t offer a more critical review.

Larky B) Simpson 
Executive Director

LBS/mt

-Alabama- -Florida- -Louisiana- -Mississippi- -Tcxas-

Serving the Marine Resources in the Gulf o f Mexico since 1949
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1.0 INTRODUCTION

Sheepshead (Archosargus probatocephalus) were caught by sport anglers in Louisiana and 
other Gulf states for long before modern fisheries statistics were kept. W ithin the last decade, a 
targeted commercial fishery o f  sheepshead has developed, but relatively little attention has been 
paid to the biology or ecology o f the species. Sheepshead currently are omitted from  fisheries 
management plans in the G ulf o f Mexico, but they are included in the Fisheries M anagement Plan 
(FMP) for the Snapper-Grouper Fishery o f the South Atlantic Region, (South Atlantic Fisheries 
M anagement Council 1983).

This document summarizes the current state o f knowledge about sheepshead biology and 
its fishery as a basis for developing a fishery management plan.

1.1 Summary of the Fisheries

The commercial sheepshead fishery comprises two m ajor components: an inshore gill net 
fishery and a trawl fishery o f medium to large shrimping vessels that operates mainly offshore. 
Both fisheries are seasonal (Figure 1.1). Gillnets accounted for 57.7% , and trawls 39 .6% , o f the 
1989 commercial landings. Dockside value o f these landings was $475,459. The 1993 and 1994 
landings w ere w orth over $ 1 million, dockside. Sheepshead are frequently caught in "multi- 
species targeting" (e.g ., "fish trawling" or set gillnets), incidental to other species (e .g ., shrimp 
trawling) and are also directly targeted. In 1972, trammel nets accounted for 67% o f com mercial 
sheepshead landings; in 1989, only 0.1% o f the total landings were from  this gear (Figure 1.2). 
This decline in  landings for this gear can be explained by the development o f stronger, less 
expensive nylon gill nets. M ore recently, gill net landings have gone dow n dramatically since 
Senate Bill 1316 was passed in  1995 (pers. comm. R .H . Blanchet 1997).

W hile there are few, if  any full time sheepshead fishermen, many com mercial fisherm en 
rely on catching sheepshead to augment their income. A year considered "below average" for 
landings o f  both shrimp and black drum, more sheepshead were landed in Louisiana than ever 
before in 1989.

Thousands o f recreational anglers enjoy catching sheepshead each year. Louisiana recreational 
landings have exceeded one million pounds in three o f the past four years (MRFSS 1993 thru 
1996). Only 60% o f anglers kept the sheepshead they caught in Louisiana(Adkins et al. 1990, 
G uillory and H utton 1987, Fontenot and Rogillio 1970) and Texas (O sbum  et al. 1988). Total 
recorded Louisiana recreational sheepshead harvest for 1980 - 1995 ranged from  a high of 
1,311,733 lb in  1995 to a low o f 326,398 lb in 1987 (MRFSS), (Figure 1.4).

1



1.2 Problem s o f the Fishery

Commercial landings for sheepshead increased during the 1980's, and have averaged over 
3 million pounds from 1990 - 1995 (Figure 1.3). Sheepshead that once were discarded as bycatch 
in the shrimp fishery are now landed. Trawlers now target sheepshead at certain times o f the year. 
During the spring, a single large traw l boat may land up to 20,000 lb o f sheepshead at one time, 
creating "soft" markets and sometimes "flooding" the m arket (W. Estay, W ayne Estay Shrimp 
C o., Personal Communication). Sheepshead are bulky to ship and store, and have a relatively low 
profit margin per pound. H owever, with traditional species becoming less available because o f 
increasingly restrictive regulations, sheepshead rem ain a good alternative as the steady landings 
reflect. Federal regulations mandating the use o f turtle excluder devices (TEDs) and anticipation 
o f sim ilar regulations concerning bycatch reduction devices (BRDs) on all offshore traw ls may 
effectively eliminate the offshore component o f the fishery. Potential creation o f no-fishing zones 
(marine sanctuaries) may also affect the fishery, as would a state ban o r further restrictions on gill
netting.

Long-term  problem s for sheepshead may come from habitat degradation. Louisiana is 
experiencing the highest rate o f coastal erosion in  the U.S. and possibly, the world (Penland et al.
1990). Coastal land loss severely impacts fishing industries (Gagliano and van Beek 1970). The 
continuing reduction o f estuarine areas necessary to larvae and juveniles w ould affect the overall 
sheepshead population. The removal o f underw ater structures, such as oil and gas platform s that 
adults utilize may also adversely impact sheepshead numbers and availability.
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2.0 BIOLOGY

2.1 Taxonomy and Nomenclature

The accepted scientific name o f the sheepshead is Archosargus probatocephalus (Walbaum) 
1792. They are a m ember o f the Sparidae family, also referred to as porgies. The following 
synonymy is abbreviated from  Jordan and Everm ann (1896).

Spargus, Schopf, 1788
Spargus probatocephalus, W albaum, 1792
Spargus ovicephalus, Bloch and Schneider, 1801
Spargus ovis, M itchill, 1814
Diplodus probatocephalus, Jordan and Gilbert, 1882
Archosargus probatocephalus, Jordan and Fesler, 1893

Sheepshead is the com m on name preferred by the American Fisheries Society (Robins et 
al. 1991). O ther com mon names include sheepshead bream , sheepshead porgie, convict fish, 
striped bandit, rondeau mouton (French), tete de mouton (Louisiana French), sargo chopa, pargo 
(Spanish).

2.2 Morphology

Morphology was described by Jordan and Evermann (1896), Ginsburg (1954), Hildebrand 
(1955), Caldwell (1965), Hoese and Moore (1977), Mook (1977) and compiled by Johnson (1978). 
The following descriptions were derived from  these authors.

Sheepshead are greenish yellow to grayish in color; sides have 6 black crossbars not 
counting the incomplete head bar; dorsal, anal, and pelvic fins are mostly dusky o r black and 
caudal and pectoral fins are greenish to grayish.

Body stout, deep, moderately compressed; back elevated, head short, deep, 
snout short; mouth horizontal, maxillary reaching to anterior m argin o f eye, 
slipping under lacrimal for all or most o f its length. Scales ctenoid. Dorsal fin 
continuous, with strong spines; caudal fin slightly forked; pectoral fins long, 
reaching beyond anal origin; pelvic fins not reaching anus.

D. X to XII, 10-13, typically XII, 11; A. I ll, (9) 10-11; C. 9 +  8, 
procurrent rays 8-9 +  7; P. 15-17; V. I, 5, axillary process well developed; scales 
44-50 in lateral series, lateral line scales 41-53; vertebra 10 +  14; gill rakers short,
6-9 on lower limb o f first arch, anterior teeth incisiform, entire or slightly notched,

3



3 above and 4 below; posterior teeth m olariform , 3 series above and 2 below; 
vom er and palatines w ithout teeth.

Head 3-3.3, depth 1.9-2.5, pectoral fin 2.5-3.7 in standard length; snout 
2 .1-2 .6 , eye 2 .7-4 .5 , maxillary 2.7-3.3 in head.

Rathbun (1892) described the eggs as buoyant, about 0 .8  m m  diam eter, and transparent. 
M ook (1977) examined egg-sac larvae, detailing first pigmentation and formation o f the dorsal fin, 
with 16 actinotrichia at 4.5 mm (SL). Larval development from 5 m m  to 30 mm is illustrated and 
described by Hildebrand and Cable (1938). They report body proportions at 6 m m  as: body depth 
3.4, head 3.0 (SL), snout 4 .2 , eye 3.1 into head. They also include a meristic description at 25-30 
mm, along w ith pigm ent development through early life stages.

2.3 Stock Description

Sheepshead are com m on estuarine inhabitants, found from  Cape Cod, M assachusetts, to 
Texas (Bigelow and Shroeder 1953). They have been reported as far north as Nova Scotia (Gilhen 
et al. 1976) and south to  Rio de Janeiro (Randall et a l  1978). W ithin the United States G ulf o f 
M exico, they are commonly found in all five states (Figure 2.1).

W hile numerous reports refer to  the abundance o f sheepshead in the G ulf o f  M exico 
(LDW F 1917, Gowanloch 1933, Ferret et al. 1971, Jennings 1985), m ost studies report that very 
few collected with traditional sampling methods such as gill nets, seines and traw ls (Fontenot and 
Rogillio 1970, Ferret et al. 1971, Juneau 1975, Tarver and Savoie 1976, Barrett et al. 1978, 
Adkins and Bourgeois 1982, M eador et al. 1988). Large juveniles and adult sheepshead tend to 
aggregate around structures: oil and gas platform s, oyster reefs, bulkheads, rocks, je tties, etc. 
(Hildebrand and Cable 1938, M ook 1977, O gbum  1984, Jennings 1985 and Sedberry 1987). The 
association with structure and the under representation o f  the species w ith traditional sampling 
gear probably results in underestimates o f sheepshead abundance in m ost coastal fisheries studies. 
M ost gears, such as seines, and trawls, are not selective for structure-oriented fishes (A llen et al.
1960). Gillnets and trammel nets are not effective for catching sheepshead unless set near shores 
o r structures (Boudreaux and Schexnayder 1995).

N orden (1966) using a variety o f gears (e .g ., gillnets, tram m el nets, traw ls, seines and 
hook and line) collected 70,539 fishes in V erm illion Bay, Louisiana, o f w hich only one was a 
sheepshead. In a com prehensive, coastwide study o f Louisiana by Ferret et al. (1971), 74 
sheepshead were taken - 40 by trawls and 34 by seines. Ferret et al. (1971) concluded that "this 
species is much more com mon than is indicated by these results." Sampled o f the Biloxi marsh 
complex with trammel nets over 8 years yielded sheepshead year round, w ith Septem ber catches 
low er than other months and 96 % of the fish caught w ere between 0.5  - 5 .5  lb and w ere in the
5-in to 22-in category (Fontenot and Rogillio 1970). Juneau (1975) caught 15 sheepshead in 2 
years o f trawl and seine sampling in the Vermilion-Atchafalaya bay complex. Noting good catches
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by local fishermen using other gears, he suggested gear selectivity as the reason for his low 
recorded catch. Data from  10 years o f LDW F coastal gill net, trammel net and seine samples 
exhibit similar trends.

Although Reid (1954) caught no sheepshead in Cedar Key, Florida, while using a traw l, 
beam trawl, push net, wire strainers, dip nets, trammel net, and a cast net, he noted that 2 to 3 lb 
sheepshead were caught in abundance by hook and line near a pier in the study area.

2.4  Reproduction and Early Life History

Inform ation on sheepshead spawning is limited. Springtime spawning has been reported 
from  mid-Atlantic coastal waters and in the G ulf o f Mexico (Jordan and Everm ann 1896, 
Hildebrand and Cable 1938, Springer and W oodbum  1960, Christmas and W aller 1973).

Based upon visual assessment o f gonads, Fontenot and Rogillio (1970) reported a m ajor 
spawning period in southeastern Louisiana (Biloxi M arsh) from February through May with a 
m inor period from  October through December. W ilson et al. (1989) and Render and W ilson 
(1992) examined gonads histologically and identified the period o f  spawning (egg shedding and 
batch production) in the northern G ulf from late February through late A pril (Figure 2 .2). They 
found no evidence o f spawning during other times o f the year (Figure 2.3).

Specific spawning locations are not well documented. Callaway and M artin (1982) reported 
observing a spawning aggregation in association with an oil and gas platform in the northern G ulf 
o f Mexico. W ilson et al. (1989) and Render and Wilson (1992) also concluded that the incidence 
o f hydrated eggs in females was greatest in fish collected from offshore waters and classified them 
as group-synchronous fractional spawners. Sheepshead tend to aggregate in nearshore waters 
during late winter and early spring, possibly at their spawning grounds (Gunter 1945, Kelly 1965, 
Jennings 1985, W ilson et al. 1989, Render and W ilson 1992).

W ilson et al. (1989) estimated batch fecundity o f sheepshead to range from  1,100 to
250.000 and average 47,000. The authors cautioned, however, that results were inconclusive. The 
significant difference in batch size from  sheepshead collected nearshore versus offshore was not 
understood due to relatively low sample size o f females with hydrated eggs (10 specimens from 
nearshore; 10 specimens from  offshore). Estimates from offshore fish only ranged from  14,000 -
250.000 eggs/batch and averaged 87,000 eggs/batch. Spawning frequency could not be accurately 
determined from data available due to inadequate sample size and inconclusive results regarding 
batch fecundity (W ilson et al. 1989).

Based on the criteria that maturity is reached when 50% of the individuals in a population 
exhibit gonadogenesis, W ilson et al. (1989) and Render and W ilson (1992) reported age at 
m aturity for sheepshead as age 2 for both males and females. Tucker (1987) reported similar 
results.
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A fter hatching, the larvae make their way into estuaries. Postlarval sheepshead were 
observed in April and May in Caminada Pass, Louisiana, by Sabins (1973). Hoese (1965) reported 
one 19 mm specimen taken in Redfish Bay, Texas in May. Arnold et al. (1960) collected 10 larvae 
(6-11 mm) on May 1, 1957 near East Lagoon, Galveston Island, Texas. Juveniles w ere found 
from  high salinity grass beds near the oceans (Christmas and W aller 1973, Laska 1973), to low 
salinity areas in Lake M aurepas, Louisiana (Millican et al. 1984), and the M ississippi R iver delta 
(Kelly 1965). Juveniles seem to prefer hard substrate habitat o r other areas offering shelter. 
Sheepshead utilize oyster beds extensively (LDW F 1917) and a preference for shoalgrass beds has 
also been noted (Hildebrand and Cable 1938, Springer and W oodburn 1960).

A lthough herm aphroditism  finds its most complex expression in the family Sparidae (Atz 
1964), there is no evidence that sheepshead function other than gonochoristically. D 'A ncona 
(1956) and W ilson et al. (1989) found isolated oocytes in the testes o f  sheepshead, but both 
concluded that these were possibly indicative o f a functionally hermaphroditic ancestry.

2.5 Age and Growth

Springer and W oodburn (1960), observed growth o f juvenile sheepshead in Florida, noting 
that specimens averaged 20.7, 29.0, and 41.5 mm T L  during June, July, and August, respectively 
(Figure 2.4). These lengths were 5-6 mm T L  greater than those reported by Hildebrand and Cable 
(1938) from  N orth Carolina.

W ilson et al. (1989) provided the only reports o f age and grow th o f  adult Louisiana 
sheepshead. Age estimates w ere made by counting annuli on sectioned otoliths. Sheepshead 
sampled ranged in age from 2 to 20 years, although most individuals w ere Age II to VIII (Figure 
2.5). Growth rates differed for males and females (Figure 2.6). Von Bertalanffy growth equations 
were:

males: L, =  419(l-e '0417Ct+0-0901)) i2= 0 .5 8 9

females: L, =  4 4 7 ( l- e -o ^ + ' ™>) r2= 0 .532

and by weight:

males: Wt =  1900 ^ = 0 .5 4 9

females: W, =  2557 (l-e-0-21* " 3-061*)2-85 ^ = 0 .4 7 4  

Fork length - weight regression equations were:

males: W eight =  4.48 x 1C5 FL2 88 r2= 0 .943
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r2= 0 .926female W eight =  5.75 x Iff5 FL2 85 

sexes combined =  5.46 x 1(J5 FL2 86 r2=0.923

Age distributions for fish captured by gillnets and otter trawls in Louisiana (Figure 2.7) 
were presented by W ilson et al. (1989). There were differences in distributions between years and 
gears. In 1987, Age II fish dominated gill-net samples, while trawl samples were dominated by 
Age V - VIII. Age III fish dominated gill net and traw l samples in 1988.

2 .6  Feeding habits

Stomachs o f 18 sheepshead (190 mm to 365 mm TL) from Copano Bay and Aransas Bay, 
Texas, w ere analyzed by G unter (1945). Eleven contained large quantities o f plant material 
("grass" and algae), two contained plant material and unidentified crabs, one contained plant 
m aterial and unidentified shell, and three contained blue crab (Callinectes sapidus), leading the 
author to  conclude that sheepshead were largely herbivorous. Simmons (1957), Fontenot and 
Rogillio (1970) and Darnell (1958) also considered vegetation an im portant food item. Stomach 
o f adult sheepshead (218-410 m m  SL) from  Lake Pontchartrain, Louisiana, contained plant 
m aterial (54% by volume) Cladophora sp., Vallisneria spiralis, and Ruppia maritima, 19% 
mussels {Mytilopsis leucophaeta and Mytilus recurvus), 10% sponges (Spongilla lacustris), 8% 
clams (Rangia cuneata), 3% Atlantic croakers (Micropogonias undulatus) and other fishes, 1.5% 
mud crabs (Rithropanopeus harrisii), and less than 1% each o f blue crabs, barnacles (Balanus 
spp.), unidentified amphipods, isopods, small gastropods and hydroids (Darnell 1958, Darnell
1961).

In the Florida Everglades grass beds, very small sheepshead feed first on copepods and 
then on amphipods, chironom ids, mysidaceans and some algae (Odum 1971, Odum and Heald 
1972). They changed from vegetarian to an epifaunal carnivore; as fish reach about 35 to 40 mm, 
stomachs included small mollusks associated with hard substrates. Food habits also changed 
slightly between dry and wet seasons. Sheepshead diet in the w et season (June-December) 
consisted primarily o f Mytilopsis leucophaeta (46% by volume), Rithropanopeus harrisii (15% ), 
and Brachidontes exustus (15% ), whereas in the dry season (January-M ay) their diet consisted 
prim arily  o f  Brachidontes exustus (47% ) and hydrozoans (15%). In the same area, sheepshead 
w ere reported to feed on porcellanid and xanthid crabs, barnacles and plant material (Tabb and 
Manning 1961). In Tampa Bay, Florida, young sheepshead (under 50 mm) ate mostly gammarids, 
copepods and polychaetes (Springer and W oodbum 1960) while stomachs o f specimens larger than 
50 m m  contained mostly molluscs and barnacles. Miscellaneous items included a sea urchin 
(unidentified), gastropods (Crepidula), "sundry" small crustaceans and filamentous algae.

Overstreet and Heard (1982) reported 113 different species utilized as food by sheepshead 
from  Mississippi Sound. They found that the sheepshead diet was influenced by location, by length
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o f fish sampled, and by season in which fish were collected. A greater percentage o f fish from  145 
to 350 mm TL  fed on molluscs and plants than did larger fish. M ore than 38% o f the large fish 
contained crustaceans, polychaetes (including Nereis succinea and Diopatra cup red), molluscs, 
and fishes, whereas only molluscs and crustaceans occurred in small individuals. Fishes (mostly 
Anchoa mitchilli) were com m on only in  large sheepshead, and mostly in  the spring: W hile 
com m on in the diet throughout the year, polychaetes occurred m ost frequently in sum m er and 
crustaceans most frequently in spring. Overstreet and Heard (1982) also observed that w hen sea- 
grasses of algae were plentiful, sheepshead would occasionally feed heavily on these plants.

In addition to the references cited above, Brooks (1894), Linton (1905), Smith (1907), 
Hildebrand and Schroeder (1928), Miles (1950), Viosca (1954), Reid et a /. ,(1956), Springer and 
W oodburn (1960), Franks (1970) and M ook (1977) provided some data on sheepshead food 
contents.

Sheepshead are opportunistic omnivores. M ost o f the literature indicates that small 
sheepshead ( < 5 0  mm) live in o r among grasses and eat small crustaceans. As these fish grow 
above 50 m m  in length they tend to move away from  shore, associate with structure and firm  
substrate, and begin to eat larger crustaceans and molluscs. The dependence o f sheepshead on 
plant m aterial is unknown, although this m aterial occurs frequently in sm aller specimens. The 
plant m aterial may have been incidental to foraging for small crustaceans on the plants, o r vise 
versa. In Louisiana, where grass beds are not common, young sheepshead probably depend upon 
small crustaceans for food.

Availability o f structures upon which barnacles and other forage food attach is im portant 
to sheepshead as shelter and a source o f food. The removal o f such structure (oil and gas 
platform s) could reduce the forage habitat o f sheepshead. The sheepshead population may be 
artificially high now due to the increased structural habitat and the population may be reduced 
when the structures are removed or reduced.

2.7 Pathology

Sheepshead are commonly parasitized by many protozoans, including ciliates such as 
Trichodina sp. (Overstreet and Howse 1977), and the dinoflagellate Amyloodinium ocellatum 
(Overstreet 1978). Other parasites o f sheepshead, some possibly pathogenic include: trem atodes 
(H endrix and Overstreet 1977) such as Multitestis rotundus (Spracks 1957), Megasolena 
archosargi (Sogandares and H utton 1959), Lepocreadium archosargi (Corkum  1959) and 
Cotylogaster basiri (O verstreet 1978); nematodes including Thynnascaris habena (N orris and 
O verstreet 1975) and Hysterothylacium reliquens (Overstreet and H eard 1982); and an isopod, 
Lironeca ovalis, found in the gill chambers (Overstreet 1978).
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Overstreet (1978) also reported a unique parasitic relationship in sheepshead. 
Myxosporidians generally parasitize cold-blooded vertebrates; how ever, one species (Fabespora 
vermicola) infects a fluke (Trematode) that occurs in the intestines o f sheepshead.

2.8 Behavior and Habitat Description

Sonnier et a l  (1976) and Putt et al. (1986) reported sheepshead in western Louisiana 
associated with oil and gas structures inshore to about 50 kilometers offshore in waters no greater 
than 40 meters. Similarly, in the eastern G ulf they were present year round on reefs in 12-18 
m eters o f water (Hastings et al. 1975, Smith 1976). Adkins and Bowman (1976) caught 
sheepshead in dredged canals in coastal Louisiana; some were completely blocked, indicating these 
fish had been there since the last storm surge, which may have been several years previous. Until 
the advent o f the trawl fishery near Grand Isle, more sheepshead were caught over rougher water 
bottoms east o f the Mississippi River than on smoother bottoms west o f the river (Jennings 1985, 
Darnell and Kleypas 1987, Darnell et al. 1983). Perry (1986) presented evidence that sheepshead 
may aggregate in certain areas, but numbers captured were too low to be statistically significant. 
D ugas (1975) caught m ore sheepshead at night during July, but again numbers were too low to 
be statistically significant.

G unter (1956) described sheepshead as euryhaline after collecting fish in w ater ranging 
from  2 .2  to 29.9  ppt salinity, but they have been caught in salinities as high as 80 ppt (Gunter 
1945). Springer and W oodbum (1960) collected sheepshead from salinities o f 5 to 35 ppt and from
12.8 to 32.5 °C. Herald and Strickland (1948) regularly collected sheepshead from the freshwater 
o f Homosassa Springs, Florida. Sheepshead were collected from  salinities o f 0 to 26.8  ppt and
11.0 to 34.1 °C in the St. Johns River, Florida (Tabetz 1967). Sheepshead w ere fairly common 
in salinities o f 40 ppt or less in the U pper Laguna M adre, Texas (Simmons 1957).

Young-of-the-year enter North River, Florida in June continuing until late fall (Herald and 
Strickland 1948). Sheepshead were found only in vegetated areas o f  C edar Bayou, Texas and 
young-of-the-year were taken in M esquite Bay in winter when Cedar Pass was closed (Simmons 
and Hoese 1959). Springer and W oodbum  (1960) found young-of-the-year occurring in the 
Tampa Bay area from  June through October.

In Louisiana, young-of-the-year sheepshead were first found in seine samples in May. 
These fish grew to a mean size o f  about 150 mm by their first winter (Figure 2.8).

In Alabama, sheepshead less than 25 mm long were taken in May at salinities below 5 ppt 
(Swingle and Bland 1974). Seventy percent o f all specimens were taken in the fall and winter. 
Juveniles seem to only sojourn in the river or marsh habitat before returning to the bays, but some 
reenter the rivers in fall and w inter (Swingle and Bland 1974). Available data suggest that some 
juvenile sheepshead use marshes as a nursery ground, but it is not known whether all juveniles are
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m arsh dependent. Sheepshead adults aggregate around oil rigs, oyster reefs, wrecks, je tties, and 
other structure which have marine growth, particularly barnacles.
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3.0 DESCRIPTION OF THE FISHERY

3.1 History o f Exploitation and Harvest

The first recorded commercial sheepshead harvest for the G ulf o f M exico was from  Texas, 
w here, in 1890, 778,800 lb w ere landed. Commercial harvest then declined until 1923 when 
landings w ere only 140,610 lb. Overharvest by haul seines and gillnets was implicated in  this 
decline (Higgins and Lord 1926).

The average yearly commercial sheepshead harvest in Louisiana between 1945 to 1981 was 
142,697 lb (NMFS). Between 1982 to 1989 landings averaged 1,193,345 lb, and have increased 
to over 3,000,000 lb annually since 1990 (LDW F).

During most o f this century, sheepshead have been harvested commercially using trammel 
net and haul seines. By 1989, trammel net landings were almost non-existent, w ith the harvest 
alm ost evenly divided between gillnet and trawl. Harvest o f sheepshead by gillnet is now only 
perm itted by holders o f a pompano permit issued by the state, using a net o f at least 5.5 inch 
stretch mesh and only during a restricted season. These restrictions will likely reduce gillnet 
harvest o f sheepshead in 1996 and beyond.

Sheepshead were once a more popular table fare than they are today, with many restaurants 
in New Orleans at the turn o f the century featuring sheepshead on the menu. In 1931, sheepshead 
commanded the same price ($0.08 per pound) as red drum  (Sciaenops ocellatus){\?>\h Biennial 
Report, La. Dept, o f Conservation). Because o f the excellent quality o ff its flesh, sheepshead is 
likely to be in demand for years to come.

In 1993, sheepshead surpassed the other edible inshore finfish species in  total pounds 
landed (Table 3.1). Because o f the numerous harvest and gear restrictions recently placed on 
various species throughout the G ulf and low consumer interest in sheepshead, they are often used 
to substitute for red snapper (Lutjanus campechanus), spotted sea trout (Cynoscion nebulosus), red 
drum, and other fish on restaurant menus. They are also often sold under other names such as sea 
bream  and ocean perch. Sheepshead filets may also be wrapped in  cheesecloth, boiled in crab 
seasonings and used to make a good quality imitation crab meat w hich may also be mixed with 
crabm eat, yielding a product which has an increased wholesale value over the fish itself.

Sheepshead are rarely targeted by Louisiana anglers, still 1,311,733 lbs. w ere landed in 
1995: They provide excellent sport when hooked but are notorious bait stealers (Viosca 1954).

Because o f lack o f economic information, it is impossible to estimate the economic impact 
o f the sheepshead fishery to Louisiana's economy. Nevertheless, sheepshead are im portant
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economically in many ways. They provide a good quality fish for restaurants during tim es o f the 
year when little else is available, and allow gainful employment to otherwise idled fishermen. 
Sheepshead w ere until recently a m ajor component o f the gillnet fishery.

3.2 Commercial Fishery

3.2.1 Description of Commercial Fishing Activities

Traditionally, sheepshead have been a bycatch fishery. F isherm an using gillnets or 
trammel nets retained sheepshead only if  room  permitted after other, m ore valuable species were 
harvested. Some trawlers retained sheepshead when quantities w ere abundant o r the price was 
high. V ery little directed fishing for sheepshead occurred until 1987 w hen shrimp traw lers, 
particularly w est o f the M ississippi R iver, began targeting sheepshead in  late winter and early 
spring.

The fleet now includes medium and large shrimp vessels utilizing shrimp trawls (1 'A" to 
2" mesh webbing) and larger mesh "fish" trawls (3" to 4" stretched m esh webbing). The trawl size 
and towing speed varies by boat; generally the larger-meshed trawls are sm aller and are pulled 
m uch faster than those o f sm aller mesh. M ost fishermen pull two to four nets a t a tim e. Both 
m ethods are highly efficient in capturing schooling sheepshead and can sometimes harvest over
20,000 lbs. in one o r two day trip (Pers. C om m ., W ayne Estay 1990).

Russell et al. (1986) reported sheepshead was a m ajor bycatch com ponent in  haul-seine 
fisheries for black drum  (Pogonias cromis) in Lake Pontchartrain. A  1989 ban on the use of 
spotter planes to  locate black drum  had little effect on sheepshead landings, because haul seines 
and strike (gill) nets accounted for only 15.7 % o f Louisiana’s sheepshead landings fo r 1989 
(NMFS).

Other gears utilized by Louisiana commercial fishermen to capture sheepshead include hand 
and troll lines, purse seines, butterfly nets, long lines (bottom and top) and mid-water trawls. The 
total combined catch for these gears has never exceeded 2 % o f the yearly landings (NMFS). Purse 
seines and haul seines are now prohibited in state waters. As o f M arch 1, 1997, set o r strike gill 
nets, trammel nets, and seines are no longer legal commercial harvest gear in  Louisiana.
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3.2.2 Trends in Commercial Fishing and Harvest

Some o f the earliest records from Louisiana show harvests o f 249,000 lbs in 1908, 276,528 
lbs. in 1918, 193, 344 lbs. in 1923 and 182, 615 lbs. in 1927. From  1890 to 1923, commercial 
sheepshead landings in Texas steadily declined (Higgins and Lord 1926), despite an increase in 
other finfish landings (Figure 3.1). Before that time, the sheepshead was one o f the three most 
abundant species caught for market. Quast et al. (1989) reported that sheepshead landings in Texas 
increased following the prohibition o f red drum  and spotted seatrout sales in 1981.

After remaining fairly constant for many years, Louisiana landings have increased ten fold 
in the last decade (Figure 1.3). From  1930 to 1980, Louisiana annual landings have ranged from  
26,200 lb in 1940 to 312,600 lb in 1969 with an average annual landing o f 129,850 lb. Since 
1985, landings have steadily increased until 1993, when landings w ere 3,763,796 pounds with a 
reported dockside value o f 1,094,911 dollars (Figure 3.2), and have remained over 3 m illion lbs. 
since. Methods o f harvest have changed over time due to changes in technology, market conditions 
and lately, legislative decree.

Gillnets ("set" and "strike") contributed the largest proportion o f the harvest in Louisiana 
by 1989, totaling over one million pounds (NMFS). Landings fluctuate seasonally, w ith the largest 
numbers taken during cooler months (Figure 3.3). Over 98% of gillnet caught sheepshead come 
from  inshore waters and most trawl caught fish are harvested offshore (NMFS). W ilson et al. 
(1988) observed that dominant age classes in commercial gill net catches w ere 2 and 3 year olds, 
while sheepshead caught offshore in trawls were mostly by 5-8 year old fish (Figure 3.4).

Until the mid-1980s, sheepshead were landed by trawlers exclusively as a bycatch. While 
a portion of the trawl landings are still incidental, trawlers now target sheepshead directly and also 
catch them  while targeting black drum. This has led to a sharp increase in the num ber of 
sheepshead caught in trawls in the last 4 years. From 1979 to 1985, monthly trawl landings peaked 
during the spring trawling season (Figure 3.3). Since 1986, monthly landings increased in the fall 
also, reflecting the "fish" trawling activities. Trawls are now the principal means o f commercial 
sheepshead harvest in Louisiana.

Until the recent restrictions on harvest o f finfishes by gillnets, two distinct commercial user 
groups exploited sheepshead, gillnetter and traw ler, each accounting for roughly 50% o f the 
landings in 1989. The fish-trawl fishery is mainly conducted during the cooler months, and 
generally by fisherman who consider themselves "shrimpers". These fishermen use the same boats 
and in many cases the same trawls used for shrimping. Sometimes they target both black drum  and 
sheepshead, but when asked m ost say they are fishing for sheepshead.

Tram mel nets at one time were a m ajor contributor to com mercial sheepshead landings 
(NMFS). In 1972 trammel nets accounted for over two-thirds o f Louisiana's commercial landings. 
Trammel net landings also showed seasonal variability with more landings in the cooler months
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(Figure 3.5). Proportionally trammel net harvest contributions have decreased because o f reduced 
landing from  trammel nets and an increased use o f other gears. In 1989, tram m el net catch was 
less than 1% of the 1987 level, and made up only 0.1 percent o f the 1989 landings.

Comm ercial sheepshead landings from  the G ulf o f M exico show  a trend sim ilar to 
Louisiana (Figure 3.6). A verage annual commercial landings o f sheepshead in all G ulf states 
excluding Texas, increased in the 1980s as com pared to landings in 1970s. Landings along 
Louisiana and the west coast o f Florida continued to increase from 1990 thru 1994 while the other 
G ulf states declined. All gulf states showed some decrease in sheepshead landings in 1995, except 
Texas. Texas banned the use o f all gill nets in 1988 and their com m ercial landings dropped 
dram atically; average yearly landings for the 1990s are 15 % o f the 1980s yearly average 
(NMFS).

3.2.3 Mariculture

Sheepshead have been artificially spawned and reared in Florida (Tucker 1987). Relatively 
low price and m arket demand, as well as low dress-out yield make it uneconomical to  culture 
sheepshead at present.

3.3.3 Economics of the Commercial Fishery

A n econom ic analysis o f a com mercial fishery will involve dockside values. However, 
using only dockside prices will not measure the total benefit o f the fishery to society. Commercial 
fishermen may accept low er financial returns and m ore uncertain benefits to rem ain w ithin their 
occupation. There may be other non-monetary values the fisherm an receives, such as more 
freedom, the aesthetic setting, wildlife seen while fishing, etc. Dockside value will not completely 
capture this value.

The total benefit to consumers o f sheepshead is greater than a dockside price. Total 
benefits include the dockside price, any value added, and the willingness o f some consum ers to 
pay more than the market price. Value added is any processing or preparation o f the fish. Some 
consumers would be willing to pay more for sheepshead than the m arket price because they derive 
m ore satisfaction from  its consumption. The total benefits to the Louisiana economy would 
include all these items.

Dockside values are useful in trend analysis o f the fishery. Economic data associated with 
Louisiana's commercial landings o f sheepshead for 1980-94 is contained in Table 3.2. Landings 
have increased from  slightly over 126 thousand pounds in 1980 to over 3 million pounds in 1994. 
Further, price per pound has increased from $0.12 per pound in 1980 to $0.29 in 1996. The value 
o f the sheepshead fishery in Louisiana was over one million dollars in  1993, 1994 and 1995.
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Information on annual landings, prices, and total value are shown graphically in Figures 
3.10, 3.11 and 3.12. The first two graphs showing landings compare the price trends, nominal 
and real. The effect o f inflation on prices is removed by adjusting the price by the consumer price 
index (base period o f 1982 to 1984). Since 1985, the price per pound for sheepshead has been 
going up.

As can be seen from the table, sheepshead have a relatively low dockside value and a low 
percentage o f the total value o f Louisiana's commercial seafood industry. H owever, sheepshead 
are recognized for the fine quality o f their flesh, but because o f their extremely low yield (about 
20 percent, Jerald Horst, pers. comm. 1986), they command a relatively low price. The demand 
for sheepshead is dependent on the relative abundance and availability o f other more "desirable" 
species, such as spotted seatrout. At times o f peak demand (lenten season), fishermen in the New 
Orleans area have received as high as $0.75 per pound, while the average price per pound in 
Louisiana for 1996 was $0.29.

W hile prices are low when sold as sheepshead, this fish is traded under many pseudonyms 
(sea bream , ocean perch, etc.) and is rarely sold in restaurants as itself, but rather as spotted 
seatrout, "fish" o r as other regionally acceptable species across the country. The filets are 
wrapped in cheesecloth, boiled in crab seasonings, and used to "stretch" crabmeat, in which form 
its value may exceed $10.00 per pound wholesale.

Since the sheepshead fishery comprises a single component o f Louisiana's commercial 
fishing sector, it is important to identify the change in commercial harvesting revenues that would 
be associated with a decline in commercial catches o f sheepshead. Overall industry revenues may 
not decline proportionately with declining landings because com mercial fishermen can often 
redirect efforts to other species. Thunberg et al. (1991) concluded that restrictions on red drum  
harvest led to only a m oderate decline in revenues from Florida 's near-shore fishery because 
fishermen were able to redirect efforts to other near-shore species. They also found the ability to 
switch to other species was geographically dependent. Caution should be exercised when applying 
these results to Louisiana. Furtherm ore, the ability to redirect com mercial effort will become 
increasingly limited as additional restrictions are placed on more species.
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3.3  R ecreational F ishery

The Louisiana state record, also the world record, sheepshead, was landed by W ayne J. 
Desselle in April 1982 and weighed 21 lbs., 4 oz. (L .O .W .A . 1989), although Gowanloch (1933) 
stated that 30 lbs. sheepshead have been caught. Sheepshead are not often sought after by saltwater 
anglers, as techniques for catching sheepshead are different than those used in angling for other 
species. Viosca (1954) stated "today, with a greater variety o f tackle, new fads in artificial baits, 
more fishing places available, and more fish species to choose from, this art is apparently on the 
decline, for this is one fish that refuses artificial lures o f any description. The special art o f 
sheepshead fishing...seem s to be restricted to a relatively small group o f vanishing Americans." 
Louisiana anglers are more likely to catch them in the late fall and w inter (Figure 3.7), although 
larger fish are generally caught in the spring (Figure 3.8). Guillory and H utton (1990) reported 
that during a creel survey in southeastern Louisiana during 1975-1977, sheepshead w ere more 
likely to be caught in m arsh or bays and lakes, as opposed to the beach, passes or the G ulf o f 
M exico.

Sheepshead are usually caught by hook and line using a small piece o f bait, such as shrimp 
and hermit crab. Since their mouths are relatively small but very strong, a small, stout hook works 
best. Sheepshead tend to nibble at the bait with their notched incisor teeth, and the angler m ust be 
quick to set the hook. They are somewhat o f a challenge in that more often than not they will steal 
your bait. Viosca (1954) stated "The sheepshead is essentially a bottom  feeder. Sometimes it will 
come up to the surface alongside pilings to graze on barnacles and other attached animal growths, 
and it will even bite near the surface at the oil rigs; but in inland waters your best chance o f 
catching them  is when fishing near the bottom ... You will not find them  on plain bottom s, mud 
o r sand. They graze chiefly on hard, rough reefs or in the grass like cow s."

Typical gear em ployed by Louisiana fisherm en to catch sheepshead is a short, stout rod 
and reel rigged with a small, strong hook. Favored baits include cut crab and shrimp; some use 
herm it crabs, oysters, fiddler crabs, and sand fleas (Viosca 1954). N earby structure is sometimes 
scraped w ith a hoe to release broken barnacles into the water; dog food and crushed crabs or 
shucked oyster shells are also used to chum or bait sheepshead.

3.3.1 Description o f Recreational Activities

3 .3 .2  Trends in Recreational Effort and Harvest

Even after increased efforts o f sports w riters and magazines to bolster the popularity of 
sheepshead, angler indifference persists. While there is a small group o f fishermen who target this 
species, m ost are inclined to retain sheepshead only if  little or nothing else is caught.
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In Texas, 1% of saltwater anglers targeted sheepshead between 1974 and 1987 (O sburn et 
al. 1988). The same study also reported that 1986-87 sheepshead landings equaled 1974-76, but 
1986-87 w ere almost twice 1985-86, though mean fish length and weight declined.

Louisiana recreational landings figures fluctuated widely from  1980 to 1989 (Figure 3.9), 
showing no apparent trends. In 1984, sheepshead made up 4.1%  o f the recreational catch in 
Louisiana, ranking it sixth in  numbers caught (Table 3.3, Adkins et al. 1990). Sheepshead can 
occasionally fill an otherwise empty gap in a poor day 's fishing, possibly enhancing the value of 
that experience to the angler. Though more restrictions have been placed on both recreational and 
commercial fishermen, this species has seemingly not increased in desirability or selected targeting 
by recreational anglers from  the information available to date.

3 .3 .3  Economics o f the Recreational Fishery

Recreational fishing is a highly diverse activity and has economic value. Participants are 
seeking a recreational experience and are willing to pay more for this activity than it actually costs 
them. Households actually "produce" recreational trips by allocating their time, buying m arket 
services, and combining these with publicly provided natural resources (M cConnell and Strand 
1994). The value o f recreational fishing is variable across individuals and trips. It w ill depend 
on many conditions-the quality o f fishing, the weather, the skill o f the angler, etc.

There are two kinds o f economic value for recreational fishing. One is the access value 
to a resource. Access pertains both to the overall opportunity for fishing and to the opportunity 
for fishing in specific locations. The value o f access is what anglers would pay rather than do 
w ithout o r the amount they would accept in compensation for their loss o f access. The second 
kind o f  economic value is the value o f catching an additional fish. This is the amount an angler 
is willing to pay to catch more fish, larger fish, or more desirable fish. This amount will depend 
on many things, such as the species sought, the time when fishing takes place, the mode o f  fishing, 
the weather, environm ent, etc.

The estim ation o f the value o f a recreational fishery such as sheepshead will involve the 
m easure o f species specific effort and the expenses incurred. There have been several studies 
made to collect total numbers o f  recreational fishermen, percentage o f fishermen targeting various 
species, average number o f fishing trips per year, and expenditures per trip. Data from  these 
studies have been highly variable among studies, even over the same time period. Conclusions 
draw n from  these studies should therefore be viewed with caution.

Recreational fishing effort depends prim arily upon the number o f fisherm en and number 
o f trips per fisherman. Individual fishing effort is largely a function o f the expenses incurred in 
the activity and the perceived benefits received from the activity. As costs rise and benefits remain
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the same, effort tends to decrease. Costs can increase through increased spending, in relation to 
other leisure activities, o r as a fraction o f disposable income. Anglers can receive both tangible 
and intangible benefits from  fishing activities. Tangible benefits include the num ber or quality o f 
fish caught. Intangible benefits can be enjoyment o f the outdoors, change in routine, 
companionship, etc.

Fishing effort will continue as long as the economic costs are not greater than the angling 
satisfaction (or what economists call utility). Fishing net benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at favored locations, degradation 
o f aesthetic value o f  trips, or from  increased fishing costs.

D irect expenditures per trip for marine recreational anglers in  Louisiana were estimated 
at $53 (Kelso e t al. 1992), $64 (Bertrand 1984), $75 (Kelso et al. 1991), and $133 ( l i t r e  e t al. 
1988). D irect expenditures include spending for automotive and boat fuel, lodging, food and 
drinks, ice, boat launch fee, bait, and other expenses directly related to the trip. In addition to trip 
expenditures, anglers purchase equipment (boats, motors, trailers, vehicles) and speciality gear. 
This equipment is used for m ore than one trip and even over several years. Their cost needs to 
be allocated over time. Published annual estimates o f these expenses vary widely depending on 
w hat is included: $800 (U .S. Fish and W ildlife Service 1997), $698 (U .S. Fish and W ildlife 
Service 1993), $824 (Kelso et al. 1991), and $1108 (Kelso et al. 1992).

Bertrand (1984) estimated total annual expenditures by saltwater anglers in  Louisiana as
180.6 million dollars. Estimates can also be calculated from other surveys. From  a 1985 survey, 
the U .S . Fish and W ildlife Service (1988) estimated that state residents spent a total o f  $197 
m illion dollars on saltwater fishing expenses, including equipment and trip-related expenses. 
Nonresident anglers spent an estimated $37.6 million in trip-related expenses in Louisiana. From  
the next survey in 1991, the U .S . Fish and W ildlife Service (1993) estimated expenditures of
158.8 m illion dollars by state residents on saltwater angling. As in  the 1985 U .S . F ish and 
W ildlife survey, expenditures o f  nonresident anglers were not broken out by fresh and saltwater 
expenditures. H owever, from  the 1991 survey data, the Sport fishing Institute estimated that 
expenditures o f saltwater anglers in Louisiana total $183.3 million (Fedler et al. 1993). The 1996 
U .S . F ish and W ildlife survey reported total (fresh and saltwater) angler trip and equipm ent 
expenditures in Louisiana to be 4824.3 million, 9.2% from non-resident anglers. From  the 1996 
survey data, the American Sportfishing Association (Maharaj and Carpenter 1998) estim ated that 
expenditures o f saltwater anglers in Louisian totaled $205.4 million.

Direct expenditures for the fishing trip may be less than the angler would be willing to pay 
for the whole experience. The difference between the costs o f  the trip and what the angler is 
willing to pay is called consum er's surplus. This is the difference between the maximum amount 
an angler would be willing to pay and what he/she actually paid fro the activity. Titre et al. (1988) 
found that the average recreational user would be willing to pay approxim ately $193 to $394 
annually for the right to recreate in Louisiana wetlands under certain conditions o f harvest, catch, 
and amenity situations.

18



Sheepshead are rarely a primary target species for recreational anglers. In a 1991 survey 
o f recreational anglers, Kelso (1992) asked respondents to list their preferred choices o f saltwater 
recreational species. Anglers responded with their top three preferences. Combining the three 
choices, sheepshead was targeted less than one percent o f the time. Survey results from  1990 
indicated similar conclusions.
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4.0 RESEARCH NEEDS

The following data needs and priority research areas have been identified:

1) Fishery Dependent Data Collection

This includes characterization o f commercial gear types utilized, areas fished, size o f 
harvest, age o f harvest, reproductive data, and other trip specific information not available through 
standard NMFS reporting methods. This information is necessary because it allows more accurate 
identification o f the fishery, e .g ., extrapolations o f catch per effort, water-body specific landings, 
and length o r age frequency o f the harvest, for stock assessment purposes.

Recent legislation has brought substantial change to the character o f the sheepshead 
com mercial fishery, as well as other estuarine fisheries, and their associated markets. Close 
monitoring will be necessary in order to react properly and in a timely m anner to changes in the 
fisheries as effort and gear are redirected.

C urrent methods available for m onitoring recreational impact and changes are limited. 
Additional surveys o f recreational fisherm en are needed to improve catch per effort inform ation 
and detect changes in the important recreational species composition by size, age, etc. This would 
allow us to m ore precisely monitor changes and evaluate existing management measures.

In  the presence o f changing regulations, fishery-dependent inform ation is not a reliable 
source o f data for assessing the status o f a fish stock. H owever, such data are necessary to 
measure the effects o f fishing on that stock. Consistent fishery-dependent and fishery-independent 
data sources, in a com prehensive monitoring plan, are essential to understanding the status o f 
fishery stocks, and to identifying causes o f changes in stock abundances. Present programs should 
be assessed for adequacy w ith respect to their ability to evaluate stock status, and modified or 
enhanced to optimize their capabilities.

Social and economic inform ation is needed on participants o f  the sheepshead fishery. 
Inform ation on other fisheries that these sheepshead fishers participate in, processing and 
marketing cost, investment, operating and harvesting costs, could help identify the health o f the 
industry and impacts o f regulatory changes on participants in the fisheries. In addition, a 
description o f the marketing system, product forms and value added estimates by the various 
marketing sectors is needed.

2) Fishery Independent Data

Fishery independent monitoring provides population structure data rather than harvest 
inform ation. This provides relative abundance, indices o f relative year class strengths, and
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success o f spawns. It also helps management by targeting segments o f  sheepshead populations 
(and other species) where life history information is lacking.

Researchers have suggested the need for studies to characterize habitat selection in  terms 
o f spatial and temporal variation relative to other life history events that influence reproductive 
success. By understanding the habitat selected for spawning, the quantity and quality o f suitable 
habitat and other param eters, variation in spawning success could be better understood given 
specific environmental conditions.

3) Tagging

This type o f  information allows insight to movements and behavior. Additional 
information on ages, growth and maturation is needed to assist in determining the spawning stock 
biomass. The extent o f migrations within the range o f the species is not known.

4) DNA Electrophoresis

Analysis o f genetic samples are needed to determine if different stocks exist, and to 
examine the possible importance o f  interactions between stocks in different areas o f Louisiana or 
G ulf waters.
5) Age and Growth

Characterization o f this species' ages through use o f otolith and various validation 
techniques should be continued and encouraged.
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Table 3.1 - Louisiana Commercial Finfish Landings ($)

Source N M F S

YEAR Sheepshead Red Drum Spotted
Seatrout

Black
Drum

1962 151,500 567,200 308,800 308,900
. 1963 177,100 465,600 380,400 343,600
1964 138,300 311,700 290,500 306,500
1965 103,600 471,200 398,200 194,700
1966 156,200 531,400 646,600 247,300
1967 170,100 653,900 620,700 264,400
1968 161,300 740,900 619,000 359,900
1969 312,600 782,100 719,600 478,300
1970 224,300 789,200 786,300 434,200
1971 239,400 723,700 1,122,100 505,800
1972 171,781 888,668 1,699,834 539,935
1973 169,503 1,183,789 2,527,023 541,141
1974 136,148 1,436,090 2,124,476 439,844
1975 100,956 1,362,078 1,896,686 275,105
1976 101,734 2,212,439 1,611,205 579,135
1977 132,937 1,435,381 1,083,950 582,969
1978 166,242 1,218,797 682,016 580,207
1979 249,495 1,056,697 798,328 535,993
1980 129,989 724,777 604,255 471,656
1981 129,610 898,585 586,859 288,988
1982 296,758 1,454,583 727,606 1,690,712
1983 543,416 1,938,615 1,340,625 1,858,879
1984 807,188 2,608,383 973,250 1,975,626
1985 719,936 2,933,573 1,161,598 3,421,325
1986 962,698 7,817,694 1,978,038 5,225,976
1987 1,917,953 4,571,177 1,801,874 8,020,901
1988 1,848,679 245,365 1,433,408 8,756,913
1989 2,450,139 24,811 1,488,878 4,405,882
1990 2,767,046 2,406 648,645 2,875,627
1991 2,425,138 0 1,220,231 1,914,090
1992 3,063,942 0 971,483 3,014,135
1993 3,763,796 1,884 1,138,070 3,178,195
1994 3,289,426 2,957 1,023,687 3,738,821
1995 3,266,482 0 658,084 2,999.438
1996 724,252 2.178 644,501 748,995
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Table 3.3 Number o f individuals, percent o f catch, and percent o f species kept caught by La. 
recreational anglers in 1984. (Adkins et al. 1990)

Species % Catch % Kept

Red Drum {Sciaenops ocellatus) 19.8 93.7
Sea Catfish (Arius felis) 19.2 4.7
Spotted Seatrout (Cynoscion nebulosus) 18.8 86.7
"White" Seatrout (Cynoscion spp.) 12.4 90.8
Atlantic Croaker (Micropogonias undulatus) 6.7 69.1
Sheepshead (Archosargus probatocephalus) 4.1 59.5
Black D rum  (Pogonias cromis) 3.3 68.6
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F igure  2 .2  The r e l a t i o n s h i p  o f  sheepshead gonosom atic  index to  tim e.

So u r c e : Wi 1 s o n  e t  a l  . ,  1989



F ig u re  2 . 3  P e rc e n t  o ocy te  s t a g e  by month from F eb ru a ry  1987 th rough  

June  1988. S ta g e s  In c lu d e :  p rim ary  grow th ( P ) ,  c o t i c a l  
a v e o la r  (CA), v i t e l l o g e n i c  (V) and h y d ra te d  (H).

S o u r c e :  W i l s o n  e t  a l . ,  1 9 8 9



F ig u re  2 . 4  M o n th ly  le n g th -f re q u e n c y  d is tr ib u tio n s  o f 

probatocephalus (From Springer and Woodbum 1960).

Archosargus

Source: Springer and Woodburn, 1960
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Table 7, Yield, in pounds, of the chief species taken in the Texas fisheries
Species 1890 1897 1902 1908 1918 1923
Red snapper 4,800 464,791 2,067,987 2,252,000 1,243,002 1,008,960
Redfish 1,107,950 1,144,376 898,450 928,000 1,336,535 877,760
Trout 1,120,450 1,011,620 1,119,300 1,055,000 1,613,370 1,523,965
Sheepshead 778,800 467,504 217,330 298,000 197,662 140,610
Flounder 130,650 218,025 240,900 140,000 162,361 118,395
Spanish Mackerel 25,000 40,710 63,830 42,000 41,354 78,920
Whiting 41,700 9,900 35,970 11,400
Catfish 45,000 71,330 75,000 560,000 262,000 50,340
Croaker 175,950 136,700 58,050 159,000 197,560 67,970
Black Drum 1 50,400 157,400 381,000 1,873,440 1,028,450
Grouper 3,460 40,170 20,840 32,730
Jewfish 47,000 33,280 65,720 46,000 39,970 13,450
Mullet 55,950 60,850 18,800 20,000 53,275 7,540

10,000,000

Trout

1,000,000 Redfish

^^Sheepshead

100,000

10,000

_ RedfisM ... Trout iTSfieepshead TTIounder
_ Spanish Mackerel -  Croaker _ Black Drum

Figure 3.1
Redrawn from Higgins and Lord (1926)
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Figure 3.10 Landings of Sheepshead
Louisiana, 1980 through 1994.
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Figure 3.11 Landings of Sheepshead 
Louisiana, 1980 through 1994.
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1.0 INTRODUCTION

The southern flounder, Paralichthys lethostigma, has been utilized as a food fish for ages. 
Since at least the Greek-Roman era about 2,000 years ago, it has been known that fish could be 
detected at night by employing an artificial light, allowing spearing o f  the fish (W arlen 1975). 
Southern flounder, because o f  body shape, habitat, and predatory characteristics, are ideally suited 
for harvest in this fashion. Mcllwain (1978) described this fish as a highly prized food fish sought 
by both recreational and commercial fishermen with catches generally increasing from spring to 
winter each year.

Southern flounder appear well adapted for feeding on quick moving prey such as fish and 
shrimp which occur throughout the water column. Development o f  large optic lobes, large mouths 
w ith strong teeth, and stomachs with large storage capacities enhance their predatory feeding 
abilities (DeGroot 1971). They are more active at night, and are the dominant fish predator o f  brown 
shrimp (Penaeus aztecus) during spring in Galveston Bay (Minello et al. 1989).

The species is euryhaline (Deubler 1960), with young being more tolerant o f fresh water and 
adults more frequently found in saline waters. Simmons (1957) found P. lethostigma and 
Paralichthys albigutta (gulf flounder) at salinities o f  60 ppt, although they were sharply limited by 
salinities above 45 ppt except in a landcut. Southern flounder have been recorded in  Louisiana 
waters at salinities ranging from 0.0 - 30.0 ppt (unpublished data, and Ferret, et al. 1971)

Jordan and Gilbert (1883) and Ginsburg (1952) reported flounders approximately 30 inches 
(") in total length from Charleston, South Carolina. Hoese and Moore (1977) reported this species 
reached a length o f three feet ('), while Pew (1966) found them to reach a weight o f  26 pounds. 
Paralichthys lethostigma reaches a maximum length between 305 to 508 millimeters (mm) (Nall 
1979). White and Stickney (1973) and Ginsburg (1952) referred to southern flounder as the largest 
bothid flounder o f the G ulf coast or southern U.S.

The top ten large specimens recorded in Louisiana by recreational anglers ranged from 10 
pounds, to 12 pounds 2 ounces, taken in 1969 (Louisiana Outdoor W riters Association 1991). 
Although larger fish are not common, some areas yield larger average size individuals, as evidenced 
by several fish exceeding five pounds taken from a  landlocked canal in Terrebonne Parish, Louisiana 
(Adkins and Bowman 1976). These fish, however, were denied access to other areas and may have 
been much older than the norm.

1.1 Overview of Fishery

The commercial fishery for southern flounder in Louisiana has historically been a 
supplemental or bycatch type fishery. Although some directed effort by fishermen using gigs is 
common in coastal Louisiana, the majority o f southern flounder are harvested from shrimp trawls 
in state waters. Other gear types such as butterfly nets, gill nets, skimmer nets, and seines also take
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a significant number o f  fish, especially during the "fall run", when this species moves gulfward en 
m asse in response to decreasing temperatures and spawning cues.

Reported southern flounder landings have fluctuated from approxim ately 261,700 pounds 
in 1965 to approximately 974,700 pounds in 1994, averaging nearly 436,000 pounds for the past 30 
years. Dockside prices have gradually increased from approximately 400 to over $1.00 per pound 
in recent years.

Annual landings associated w ith this fishery were increasing slightly until 1994. 
Development o f  different gear types, a more directed fishery, or an increase in dockside value may 
have lead to increased harvest levels.

2



2.0 SOUTHERN FLOUNDER BIOLOGY

Rogers et al. (1984) found that recruited southern flounder occurred in greatest numbers in 
northern Georgia estuaries, where river discharges were also highest. These recruits tended to move 
toward higher salinity waters as size increased. Herke (1971) also reported similar findings in 
Louisiana, and related gulfward movement to the onset o f  cooler weather, in addition to growth. 
Rogers et al. (1984) summarized findings that younger southern flounder were more numerous in 
lower salinity waters during spring-early summer (recruitment) while m id-salinity waters yielded 
larger fish later in the year. The species was described by Dahlberg (1972) as being more prevalent 
in low to mid salinities and oligohaline creeks, with the young being eurythermal in those areas. 
Prentice (1989) also found this species to occur in a variety o f  habitats along the Texas coast, as able 
to acclimate to either fresh or salt water.

Powell and Schwartz (1977) found individuals o f  a given year class abundant for about 18 
to 20 months in North Carolina waters, following their mid-winter recruitment. They also reported 
southern flounder dominant at lower salinities and to exhibit more rapid growth in those areas, 
occurring in higher salinities only during colder months (December-Febmary).

2.1 Taxonomy and Nomenclature

Ahlstrom et al. (1984) reviewed classification o f this species by various authors, and Hensley 
and Ahlstrom (1984) have updated its classification. The consensus generally was that flatfishes 
could most easily be distinguished by the high degree o f  ventral fin asymmetry, absence o f  the 
preorbital on the blind side, and absence o f the first neural spine.

The valid name for southern flounder is Paralichthys lethostigma (Jordan and Gilbert 1883). 
The following synonymy is abbreviated from Jordan and Evermann (1898):

Platessa oblonga, DeKay, 1842 
Pseudorhombus oblongus, Gunther, 1862 
Chaenopsetta dentata. Gill, 1864 
Pseudorhombus dentatus, Goode, 1879 
Paralichthys dentatus, Jordan and Gilbert, 1882 
Paralichthys lethostigma, Jordan and Gilbert, 1884

Higher classification within this document follows that o f Greenwood, et al. (1966). Taxa 
above superorder are not considered.

Order: Pleuronectiformes 
Family: Bothidae 

Genus: Paralichthys 
Species: Paralichthys lethostigma
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The scientific name is derived from the Greek words Paralichthys m eaning "parallel fish"; 
lethostigma means "forgetting" and "spot". The name assigned to this fish literally means a "parallel 
fish that forgot its spots" (Gowanloch 1933). This refers to the species habit o f  lying close to the 
bottom and its being uniformly colored, as opposed to other related flatfishes that generally possess 
spots.

Southern flounder is the name commonly accepted by the American Fisheries Society for P. 
lethostigma (Robins et al. 1991). Other com mon names include southern large flounder, mud 
flounder, halibut, plie (Louisiana French), southern fluke, lenguado (Spanish), and doormat 
(Gowanloch 1933; Ginsburg 1952; Breuer 1962; Hoese and Moore 1977; Reagan and Wingo 1985; 
Gilbert 1986).

All species o f Paralichthys are relatively large, robust, darkish, left-eyed flatfishes with large 
mouths (upper jaw  extending to or beyond posterior margin o f eye) and well developed teeth. The 
bases o f  both pelvic fins are short and neither extends forward to the urohyal bone (Gilbert 1986).

The family Bothidae is represented in the G ulf o f Mexico by 27 species in 12 genera (Topp 
and H off 1972), and constitute the most speciose family encountered by Darnell and Kleypas (1987), 
w ith a total o f 23 identified species in the eastern G ulf region. Five species o f  Paralichthys are 
known from the western North Atlantic, three o f  which are commercially important (Gutherz 1967). 
O f these, southern flounder is by far the most com mon along the Louisiana coast (Norden 1966; 
Ferret et al. 1971; A dkins et al. 1979). Separation o f  the various species was questioned until 
Ginsburg (1952) demonstrated the validity o f the classification.

2.2 Distribution and Abundance

Smith (1907) and Jordan and Evermann (1898) stated that southern flounder ranged as far 
north as New York. However, based on specimens examined, the present species is not know n to 
occur north o f  North Carolina (Ginsburg 1952). Music and Pafford (1984) reported a similar range 
o f  this species. The range o f  specimens studied by Ginsburg (1952) was from Edenton, Albemarle 
Sound, North Carolina to Corpus Christ! Pass, Texas. He noted the species to be com m on or 
abundant throughout this range. Reagan and Wingo (1985) caught southern flounder in bays and 
offshore o f  Alabama, M ississippi, Louisiana, and Texas from the barrier islands to the outer shelf, 
and on the inner shelf from Apalachee Bay to above Tampa Bay, Florida (Figure 1).

Topp and Hoff (1972) summarized information on relative abundance o f  Paralichthys species 
collected by the Hourglass Cruises (Figure 2). They reported that southern flounder had the most 
restricted latitudinal range o f  the genus, occurring from North Carolina to the Loxahatchee River, 
Florida, and on the G ulf coast from the Caloosahatchee Estuary, Florida to Corpus Christ! Pass, 
Texas. Southern flounder were reported to be more common in the western Gulf, w est o f  the 
Mississippi River delta. The gulf flounder (P. albigutta) was more dominant east o f  the Mississippi 
delta, and occurred in greatest numbers along the Florida west coast (Sim m ons and Hoese 1959).
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In areas outside the G ulf o f Mexico, salinity and substrate were reported to be the two major 
factors affecting distribution (Powell and Schwartz 1977). Norman (1934), Powell and Schwartz
(1977), and Randall and Vergara (1978) reported this species within its range along the Atlantic and 
G ulf coasts from North Carolina to Texas, to prefer muddy substrates in low salinity estuarine areas. 
In North Carolina, W olff (1977) and Phalen et al. (1989) reported similar findings. They agreed that 
southern flounder were more often found in low salinity waters than their closely related species, P. 
dentatus and P. albigutta. Salinity regimes are easily utilized to determine ranges o f  these species. 
Gunter (1938) reported a harvest ratio o f  7:1 (P. lethostigma : P. albigutta) when comparing 
estuarine waters o f Texas to G ulf areas.

In North Carolina, southern flounder comprised 95.8% by number in the pound net catch o f 
flounder (W olff 1977). It was described as one o f  the three species o f  flounder that constituted an 
extensive commercial and recreational fishery. Very few southern flounder were captured by trawls 
offshore, while substantial pound net catches were made; an indication o f  an estuarine preference 
and possibly o f seasonal occurrence (W olff 1977). Powell and Schwartz (1977) also found southern 
flounder to be most abundant in  low salinity areas where clayey silt or organic-rich mud bottoms 
occurred in North Carolina.

In tagging operations in Georgia, Music and Pafford (1984) listed southern flounder as the 
fourth most frequently tagged fish, indicating a significant population. Substantiating this is a return 
rate by recreational fishermen that ranked flounder fourth following spotted seatrout (Cynoscion 
nebulosus), black drum (Pogonias cromis), and red drum (Sciaenops ocellatus), respectively.

Ross (1991) found southern flounder in nearshore trawl samples collected in North Carolina 
only during November (N=103), December (N=2), and January (N =l 11) in a  study from October 
1985 through March 1988. Fish caught averaged less than 2.5 kilograms (kg) each.

2.2.1 Distribution and Abundance. Louisiana

Ferret et al. (1971) found this species in 16-foot (4.5 m) trawl samples during April, June, 
and July, in coastal Louisiana. A catch per unit effort (CPUE) o f 0.3 for this gear type was 
calculated. Ferret et al. (1971) collected 801 southern flounder with trawls and seines. They were 
most abundant immediately east o f the Atchafalaya River, an area o f  low salinity. Over 50% o f the 
total catch occurred during spring, while Fox and M ock (1968) collected more fish during summer 
m onths in Barataria Bay, Louisiana. Southern flounder numbers present in the Delta National 
W ildlife Refuge, Louisiana, peaked in late summer and early fall, w ith an offshore migration 
beginning in the fall (Kelley 1965).

Czapla et al. (1991) reported southern flounder to be abundant throughout coastal Louisiana, 
common to abundant as adults, and generally abundant in other life history stages. They were also 
more often found in low to mid salinity areas in early life stages, and in mid to high salinity waters 
as juveniles and/or adults. Norden (1966) ranked southern flounder ninth in  species abundance out 
o f a total of 70,539 individuals while investigating Vermilion Bay, Louisiana. These fish comprised
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0.4% o f the total finfish composition. They were recorded during all m onths o f the year except 
September, with March, July, and August, respectively, yielding the greatest numbers. He, and 
Simmons and Hoese (1959) remarked that southern flounder may be under-represented in samples 
due to gear avoidance.

Dunham (1972) observed that southern flounder occurred in greatest numbers in central 
coastal Louisiana; the Timbalier-Terrebonne Bay area. This area is characterized by relatively high 
salinities (20+ ppt) sandy-mud bottoms, and ready access to open G ulf waters. Fewest numbers were 
recorded from areas immediately east o f the M ississippi River that are periodically subject to fresh 
water influence from the river and are distant from the Gulf. Gunter (1936) found southern flounder 
more numerous in inside than outside waters (109 vs 6) in Louisiana in 1932 and 1933.

Southern flounder ranked ninth numerically and third in weight, o f  fishes collected by 
W agner (1973) from Cam inada Bay, Louisiana. They ranged from 20-400 m m  TL in size. They 
were reported from all areas o f  Louisiana during all months except October and January by Burdon
(1978), with the majority captured from May through August. Juneau and Barrett (1975) collected 
southern flounder in 16' flat otter trawls at m ost stations during various tim es o f  the year in the 
Vermilion Bay area, averaging approximately 123.5 mm TL.

Tarver and Savoie (1976) recorded 26 southern flounder from 16-foot (4.5 m) trawl samples 
taken in Lake Pontchartrain, Louisiana. Size ranged from 35-320 mm total length (TL) with a mean 
o f  151 mm TL. These fish occurred at all stations from March through Septem ber 1973, February, 
M arch, and April 1974, and again from June through August, with a  CPUE o f  0.1. Davis et al. 
(1970) reported similar patterns o f occurrence from Lake Pontchartrain studies. Laska (1973) 
collected southern flounder during all months o f  sampling and in all habitat types in his study o f  the 
Chandeleur Islands, Louisiana. Suttkus et al. (1954) and Tarver and Savoie (1976) sampled fish 
populations in Lake Pontchartrain utilizing seines; they recorded a  CPUE o f 0.3 and 0.2, 
respectively, for southern flounder in this gear.

N all (1979) reported southern flounder seasonally distributed from deep (up to 360') G ulf 
waters to shallow estuaries. This species has been found in large numbers several miles upriver from 
the mouths o f the Mississippi and Atchafalaya Rivers in Louisiana (personal observation). Dunham 
(1972) reported that annually, between October and December, many large flounder are taken from 
the Mississippi River during low river stages. Darnell et al. (1983) found larger concentrations o f 
this species in relatively deep water west o f  the Mississippi River and shallow waters ju s t offshore 
o f  Texas (Figure 3).

2.2.2 Distribution and Abundance. G ulf o f Mexico

Southern flounder have been reported from the G ulf coast o f the U nited States, between the 
Caloosahatchee estuary, Florida (Topp and H off 1972) to Texas (Norman 1934; Randall and Vergara 
1978), and as far south as northern Mexico (Hoese and Moore 1977; M anooch 1984; and Shipp 
1986). The species prefers muddy substrates in low  salinity estuarine areas (Powell and Schwartz
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1977). Ginsburg (1952) reported that this species prefer a mud bottom, and generally is found along 
shores in bays, sounds, and lagoons in relatively shallow water. Nall (1979) stated P. lethostigma 
were more prevalent in the western G ulf o f Mexico, where waters were normally more muddy and 
fresher.

Christmas and W aller (1973) stated this species was taken in all months except November 
in Mississippi waters. It was reported to be the most common flounder o f  the area. Darnell (1985) 
reported on fish found in the Tuscaloosa Trend study area; the continental shelf seaward o f  the 
barrier islands, including the coastal waters o f  eastern Louisiana, M ississippi, and Alabama. 
Southern flounder was not abundant in collections from this area; only .03% o f  the total fish catch 
was composed o f  this species, and those specimens were collected from w ater depths ranging from
7-99 m at stations west o f  M obile Bay, Alabama. The majority were captured at shallow depths 
(<19 m) and the species was more often collected during fall months. He surmised that there was 
a resident population o f  older individuals on the shelf.

Darnell and Kleypas (1987) also provided distribution information in the northern G ulf o f 
Mexico, including eastern Louisiana (Figure 4). Most specimens [62.2 percent (%)] were collected 
in summer, and most were taken at depths less than 50 meters (m), although some were taken as 
deep as 99 m.

Gunter (1945) captured southern flounder during all seasons in Texas bays, but only during 
March and April in the Gulf. Fish examined ranged from 17 to 490 mm in total length (TL), from 
waters ranging from 9.9 degrees centigrade ( C) to 30.5 C, and 2.0 ppt to 36.2 ppt salinity range. 
Very few were taken from waters above 25.0 ppt, indicating a preference for estuarine waters.

Swingle (1971) found southern flounder collected in the Mobile Delta most abundant in May, 
June, and July, and noted these fish were equally distributed from fresh water to salinities o f  30 ppt.

2.3 Morphology

2,3.1 Eggs

Eggs o f southern flounder are pelagic, and each female may produce approximately 100,000 
eggs during the entire spawning season (Benson 1982). Norman (1934) reported eggs to be pelagic, 
buoyant, and containing a single oil globule in the yolk. The eggs are spherical, having a  rigid shell 
(Smith 1973 and Ward et al. 1980). Recently released eggs examined by Henderson-Arzapalo et ah 
(1988) had mean diameters o f 0.92 mm and all appeared normal. Nall (1979) reported that females 
mature in their fourth or fifth year o f life, may live for 10 years (as determined in a Florida study), 
and may spawn more than once each year during this time period. Nall’s ageing technique, however, 
has been challenged by later research. Stokes (1977) indicated the species matured at two years o f 
age in Texas.
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2.3.2 Larvae

i

Terminology o f developmental stages is generally patterned after those proposed by Hubbs 
(1943). Larval refers to stages from hatching to development o f  juvenile characters. Postlarval is 
that portion o f development after hatching and absorption o f  the yolk, through the beginning o f 
differentiation o f  fin rays.

Southern flounder begin life, as do all Pleuronectiform fishes, w ith one eye on each side o f 
the body. The eyes are symmetrical in larvae and one eye migrates to the other side o f  the body 
during metamorphosis (Ahlstrom et al. 1984). The migrating eye moves over the mid dorsal ridge 
anterior to the origin o f the dorsal fin (Gutherz 1970). The right eye o f the southern flounder begins 
migrating toward the left side o f  the head when the fish is approximately 8 - 1 3  m m  (1/3 - 1/2") TL 
(A hlstrom  1984). A t the same time, the left side o f  the body begins to accumulate pigm entation 
w hile the right side loses it and turns white; typical o f  left-eyed flounder. This m etamorphosis is 
generally complete at sizes o f 1 9 - 25  mm (3/4 -1")  (Smith 1981), after which fish remain on or near 
the bottom. Hildebrand and Cable (1930) reported metamorphosis complete at 26 mm TL. Most 
bothids have a swim bladder during the larval stage.

Figure 5 shows the development o f larval Paralichthys spp. as described by Hildebrand and 
Cable (1930). They were unable to separate larvae o f the three Paralichthys species in their study 
area, so their descriptions may include stages o f different species. Larvae 2.5 m m  in length have an 
enlarged head with a prominent hump over the eyes which encloses the brain, a deeply compressed 
body, and a long slender tail. No dramatic change occurs as it grows through the 4 m m  stage except 
for rows o f  dark spots which form on the ventral edge o f the abdomen and the beginnings o f  a  small 
fin are evident on the nape. This small fin serves as a recognition mark as larvae metamorphose 
from  the 4 mm through the 12 mm stages. By 6 mm in size, the occipital hump has begun to 
disappear as the brain is now  enclosed in the cranium, and the small fin on the nape is well 
developed. At 7 mm in length, the body is more definitely compressed and the right eye is now 
slightly higher than the left as it begins to migrate towards the left side o f the body. The caudal fin 
is more fully developed and rays are appearing in the dorsal and anal fins as they also show signs 
o f development. At 8 m m  in length, the fish is beginning to look m ore like a  flounder: it is much 
more compressed and the right eye has progressed in its migration to the point where it is near the 
dorsal ridge and is now partly visible from the left side. At this stage, pigm entation is identical and 
equal on both sides o f the body with a few chromatophores present on each side o f  the body. At 11 
mm in length, the right eye is fully on the ridge o f the head and pigmentation on the left side o f  the 
body is more fully developed and appearing as faint crossbars, while pigm entation on the right side 
remains unchanged. A t 16 mm in length, both eyes are now on the left side o f  the head and the fish 
is beginning to look more like an adult. Pigmentation is more pronounced with numerous 
chromatophores on the left side o f both the body as well as the fins. However, Hildebrand and Cable 
(1930) indicated that live fish o f  16 mm and even larger can remain surprisingly transparent and 
difficult to see in samples.
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The larval description given by Hildebrand and Cable (1930) was based on flounder collected 
on the east coast and, as Gutherz (1970) indicated, one o f the problems encountered in dealing with 
larval flatfish is the fact that larvae which have been collected over a wide geographic range and a 
long period o f time may show varying rates o f development between different stages. Problems may 
also have been due to misidentification o f  specimens by Hildebrand and Cable (1930).

Arnold et al. (1977) reported that southern flounder larvae began metamorphosis at 40-46 
days (8-11 mm TL), completing developmental change at 50-51 days. A fter metamorphosis, 
southern flounder fingerlings become completely demersal. At 26 mm in length, the body shape is 
very similar to that o f an adult. The ventral line is not yet rounded as much as it will be in the adult 
stage, and the diameter o f the eye is now about equal to the snout length whereas it was much longer 
at the 16 mm stage o f  development.

According to Gutherz (1970), "characters that can be used to identify bothid larvae fall into 
two categories: (1) transitory, those which are present during part or all o f  the larval period but 
eventually are lost and (2) permanent, those which develop during the larval period and are retained 
in the juvenile and adult stages". He described transitory characters as larval pigmentation, elongate 
fin rays, and head and body spination. Permanent characters would include meristic counts, the 
placement o f pelvic fin bases and fin rays, and the arrangement o f the caudal fin rays with relation 
to the bones o f the hypural plate. Powell and Henley (1995) separated southern and gu lf flounder 
larvae based on pigmentation, spination, and meristic counts. They indicated that cranial spines 
appeared to be diagnostic in separating early-preflexion larval forms, as southern flounder have three 
cranial spines and gulf flounder have less than three. None were observed on postflexion larvae o f 
either species but gulf flounder were more developed than the southern flounder at any given length.

Deubler (1958), working in North Carolina, used pigmentation to differentiate southern 
flounder postlarvae from summer flounder (P. dentatus) and gulf or "sand" flounder. His postlarvae 
included individuals that had completely absorbed the yolk sac but had not yet developed the 
species’ definitive characteristics. He described 9 - 1 5  mm SL postlarvae o f  summer flounder as 
having "a well defined band o f  black pigment along the border o f the anterior four-fifths o f  the dorsal 
fin, and o f the anterior two-thirds o f the anal fin". Southern flounder and gu lf flounder lack this 
pigmentation. He noted that the number o f vertebrae could also be used in the late postlarval stage 
to separate southern from summer flounder: southern flounder normally has 37 or 38 vertebrae 
w hile summer flounder has 40 to 42. He reported that postlarvae o f southern flounder and gulf 
flounder were more difficult to separate since there were no significant differences in pigmentation 
and the vertebral counts are the same. The number o f dorsal and anal rays can generally be used to 
separate postlarval southern and gulf flounders after fin rays have developed completely (Table 1). 
He observed that no one characteristic can be used to definitively separate southern flounder 
postlarvae from gulf flounder postlarvae but rather a combination o f characters is sometimes 
necessary to correctly identify postlarvae o f these two species.
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2.3.3 Juvenile

Juvenile flounder are generally not distinguishable from adults except for size and maturity 
(Hoese 1965). Southern flounder were considered juveniles by Stokes (1977), Etzold and Christmas
(1979), and Nall (1979) from about 11-300 m m  TL (0.4-11.8"). A t larger sizes, females may 
become gravid. Hildebrand and Cable (1930) described specimens o f Paralichthys spp. 77 m m  in 
length as having the fully formed shape o f the adult with the body com pletely scaled and with 
variable pigmentation. The eye had decreased in size in relation to snout length and the m outh had 
a more upward and forward curve.

Woolcott et al. (1968) studied skeletal characteristics that could be used to differentiate the 
young o f  southern, summer, and gulf flounder found along the southeastern Atlantic coast. Ginsburg 
(1952) first separated these three species based on gill raker, anal, and dorsal fin ray counts. The 
findings o f  W oolcott et al. (1968), based on 149 specimens 10-130 m m  in length, indicated that 
these characteristics, along w ith vertebral counts and lateral-line scale counts could be used to 
separate the three species (Table 2). Summer flounder had the greatest number o f gill rakers on the 
low er limb o f  the first gill arch. They also used gill rakers in combination with the num ber o f 
dentary teeth to separate the three species, especially the summer flounder w hich had a larger 
number o f  teeth than the other two. Lateral-line scale count was also highest in summer flounder 
and lowest in gulf flounder. Use o f anal fin ray counts in conjunction with vertebral counts yielded 
a 100% separation o f  all three species.

By the time most fish are 50 mm TL, they have acquired m ost o f  the adult skeletal 
characteristics. Although ranges o f  counts given by Woolcott et al. (1968) in Table 2 are somewhat 
different from the ranges derived by Deubler (1958) (Table 1) for postlarvae o f  these three species, 
the counts are similar enough to be useful in separating these three species when used in 
com bination. Even though ranges o f  counts for these characteristics may differ among various 
authors, this method may be applied individually or in combination to separate the young o f  these 
three species prior to development o f coloration (as the three spots normally found in the gulf 
flounder are not always evident).

2.3.4 Adult Morphology

Verifiable or consistent characteristics by which to distinguish Paralichthys spp. are meristic, 
although the extent o f intraspecific variations in these characters is considerable (Ginsburg 1952). 
In order to distinguish the three common eastern species (?. albigutta, P. lethostigma, and P. 
dentatus), gill rakers, anal rays, dorsal rays, and lateral line scales must be counted. Ginsburg (1952) 
provided a means o f  separating P. albigutta, P. lethostigma, and P. dentatus by differences in gill 
rakers, anal and dorsal ray counts, or by a combination o f these factors. Cycloid or ctenoid 
characteristics o f scales are also significant in separating Paralichthys spp.

Ginsburg (1952) discusses these and other characteristics in detail, as follows (all length 
measurements are in m m  TL).
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"Diagnosis.—Scales cycloid on both sides at all ages; 52 to 74, nearly all 
individuals falling in the range between 56 and 67, the mode at 60. Accessory scales 
rather sparse, sometimes numerous in large specimens (although not quite so many 
as in dentatus or albigutta). usually beginning to appear in specimens 110 to 120 mm 
in length, sometimes very few  present in much larger fish. Total number o f  gill 
rakers on first arch ranging 10 to 13, nearly all having 11 or 12 (these two numbers 
occurring with approximately equal frequency); nearly always two on upper limb, 
infrequently three; eight to 11 on lower limb, nearly all specimens having nine or 10. 
Anal rays 63 to 73, the mode at 69 (77 in one specimen); dorsal 80 to 95. Pectoral 
rays 12 in the majority o f fish, frequently 11, sometimes 13 (12 on both sides in six; 
11 on both sides in two; 12 on eyed side and 11 on the other in two; 13 on eyed side 
and 12 on the other in one; none on eyed side and 11 on blind side in one, the last 
evidently being abnormal in this respect). Vertebrae 10 or 11 + 27 (in two 
specimens). Origin o f  dorsal usually somewhat in front o f  anterior margin o f  eye in 
large fish and somewhat behind anterior margin in specimens under 100 mm. 
Posterior extremity o f  maxillary reaching to a vertical through posterior margin o f  
pupil in specimens o f  about 35 mm, through posterior margin o f  eye at about 50 to 
100 mm, past eye in specimens over 100 mm. Interorbital rather wide, becoming 
markedly broad in large fish, conspicuously more so than in related species. Body 
becoming deep in large individuals. Sinistral. "

"Color.—Body irregularly shaded with darker and lighter. The five  
longitudinal rows o f  spots more or less evident, usually diffuse, blending more or less 
with the darker shadings, and tending to disappear entirely in large individuals. 
None o f the spots ocellated. Sometimes the spots are saliently distinct in specimens 
up to about 150 mm, and in such individuals the three spots forming the large 
triangle are most prominent as in albigutta. but they are not ocellated. The relative 
intensity o f  the shadings on the body is subject to great variation as in related 
species; some specimens being very light all over, especially in life, and others being 
very dark. After being landed, specimens o f  this species usually have whitish spots 
irregularly snowed over the body; these usually disappear after the death o f  the fish, 
but are sometimes present also in preserved specimens."

"Small fish, between 20 and 45 mm, show characteristic groups o f  
chromatophores, each group consisting o f a blotch-like concentration o f minute 
pigment dots interspersed with coarser chromatophores. This grouped concentration 
o f  chromatophores gives a gross appearance o f  blotches which may be somewhat 
coalescent. The coarser chromatophores may be also scattered between the 
blotches, but they are especially concentrated on them. The characteristic 
appearance o f  these groups is well shown in Hildebrand and Cable's figure 88 
[Figure 5, in this profile, 26 mm specimen], although in most specimens they are not 
so saliently prominent. One group on the midline, about two-thirds o f  the distance 
from the gill opening to the base o f  the caudal and two others near the angle o f  the
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curve in the lateral line, one above and one below, tend to be most prominent. The 
three most prominent groups are in the same position as the three ocellated spots in 
albigutta. that is they form the characteristic large triangle o f  related species, but 
these spots in the young o f  lethostigma are not ocellated. The young o f  lethostigma. 
o f about 20 to 40 mm, have the color pattern very similar to those o f  dentatus o f  the 
same size; but after the material is properly separated some small differences 
become apparent which are typical o f  lethostigma. The two spots at the posterior 
ends o f  the subdorsal and supra-anal rows are not as prominent as in dentatus: the 
coarse chromatophores that overlay the dark blotches in groups, are 
characteristically more numerous in lethostigma: the other blotches on the body, in 
addition to the three most prominent ones, are usually more distinct than in dentatus.
In lethostigma the other blotches are sometimes o f nearly equal intensity as the three 
forming the large triangle. "

"In still smaller individuals, 13 to 20 mm, the groups o f  chromatophores are 
more diffuse and so arranged that they sometimes suggest broad cross bands. At 
about that size, specimens o f  albigutta resemble somewhat those o f  lethostigma. 
Specimens o f  50 mm or over generally have the color pattern o f  large fish ."

"Size.—This is the largest flounder on the coast o f  the southern states. Fish 
brought to the market by giggers are usually between 12" and 20". The largest 
examined is an individual 26" (660 mm), including the caudal fin, from Beaufort,
North Carolina. Jordan and Gilbert (1883, p. 617) report a maximum length o f  30" 
at Charleston, South Carolina. However, in view o f  the paucity o f  records, it is quite 
possible that the species attains a considerably larger size."

"Distinctive characters and relationship.—On the Gulf coast and the east 
coast o f  Florida where albigutta is common, this species may be readily 
distinguished, as a rule, by its distinctive color, all o f  the spots being diffuse, none 
especially prominent and not definitely ocellated. Doubtful specimens are separable 
by the combination o f  higher fin  ray and scale counts. In the northern part o f  its 
range, North Carolina to northern Florida, where dentatus also occurs, lethostigma 
may be distinguished from that species by the lack o f  ocellated spots, and more 
especially by the fewer gill rakers there being no intergrading individuals with 
respect to this character, as between these two species. A count o f  the gill rakers on 
the first arch will positively distinguish lethostigma and dentatus in every case.
From the deep water squamilentus. this species may be distinguished by the depth 
ofthe body aided by the fewer gill rakers and other characters. £ . lethostigma also 
has a wider interorbital than the other three species, except in the small specimens."

The following description was taken from Gutherz (1967) in w hich he used a  combination 
o f  specimen examinations and literature review:
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"Dorsal fin  rays 80 to 95; anal fin  rays 63 to 74; pectoral fin  rays on ocular 
side 11 to 13; gill rakers two or three (usually two) + 8 to 11 (usually nine or 10); 
scales in lateral line 85 to 100; vertebrae 10 or 11 + 27 or 28. Body depth 39 to 
47% SL; head length 24 to 34%, SL; eye diameter 15 to 19% HL (decreasing with 
increasing size); upper jaw  length 47 to 51% HL, extending posteriorly to a vertical 
through posterior margin o f pupil on specimens about 35 mm SL, through posterior 
margin o f  eye on specimens between 35 to 100 mm SL, and beyond posterior margin 
o f eye on specimens over about 100 mm SL. Ocular side light to dark brown, with 
diffuse nonocellated spots and blotches which tend to be absent in large specimens.
Blind side immaculate or dusky."

Delamater and Courtenay (1974) found all species o f Paralichthys to have accessory scales. 
These appear rather late in the life o f the fish: 110-120  mm TL, according to Ginsburg (1952), and 
appear to be a late evolutionary acquisition. Because o f the late appearance, usefulness is limited. 
This character has been neglected by authors, and it is difficult to appraise its value for separation 
o f species.

2.3.4.1 Coloration

Juvenile and adult flatfish normally are pigmented only on the upper body surface. It has 
been postulated that this pigmentation is due to the action o f light on the upper surface with the 
lower surface normally lacking pigmentation as a result o f the lack o f exposure to light (Gowanloch 
1933). This species also has the ability to modify color patterns to coincide with its environment. 
Commonly known as "camouflage", this process was investigated and described by Saidel (1978) 
who discussed the location and functioning o f melanophores and iridiophores within the skin o f the 
fish. He speculated that adaptation to background reflectance and texture contrast, in conjunction 
with the dorsal and ventral fin structures provide sufficient camouflage.

2.3.4.2 Anomalies

Ambicoloration and partial or complete albinism are other flatfish abnormalities, (Hoese and 
M oore 1977). Dawson (1967) described two southern flounder with partial albinism and 
osteological anomalies and abnormalities. He believed this was due to wounds or adverse 
environmental factors when postlarvae or younger. Dawson (1969) reported a nearly total 
ambicolorate southern flounder with a hooked dorsal fin and partially rotated eye from Mississippi 
Sound. Another specimen from this area exhibited a combination o f  melanism and albinism and 
xanthochromism (golden-yellow coloration). Gartner (1986) described three southern flounder 
possessing partial ambicoloration and postulated depth o f occurrence might be linked to abnormality 
frequency since it appears in families o f  flatfishes which inhabit shallow coastal waters (<5 m 
depth). He believed causative factors were temperature and light, probably induced during larval 
development. Powell and Schwartz (1977), using radiographic examinations on totally ambicolored 
P. lethostigma, found they possessed atypical osteological structures in the orbital region and 
"hooked" dorsal fins while incomplete ambicolorates manifested no structural abnormalities. They
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believed skeletal damage did not cause ambicoloration or the hooked conditions in southern or 
summer flounder. Several flounder o f  various stages o f  ambicoloration have been collected in 
Louisiana (specimens on file, LDWF).

Hoese and M oore (1977) refer to "reversal" in members o f  the Bothidae family as 
"possessing internally correct features while exhibiting external features on the wrong side". 
G utherz (1967) reported "reversal" as not uncommon in certain species o f  Heterosomates, being 
common in 40-60% o f various Pacific bothid species. Moore (1969) was believed to be the first to 
describe morphological reversal in southern flounder when he reported eyes, paired fins and 
pigm entation o f  a specimen were reversed dextrally. Some instances o f  reversal have been noted 
in Louisiana, although they are uncommon. Powell and Schwartz (1979) described the caudal 
structure o f a double tailed southern flounder from North Carolina waters.

2.4 Reproduction

2.4.1 Age. Length and W eight at First Spawn

Stokes (1977) found first sexual differentiation o f  southern flounder in Texas discernible 
when they attained approximately 170 mm (6.7") TL. Fish with no evident gonads (<170 mm) were 
considered as immature. Progression from this stage through Stage I (im mature) and into Stage II 
(maturing) occurred during the first year. The initial spawn occurred at two years o f  age, based on 
collections o f  gravid fish. Virtually all spawning was indicated to occur offshore, as adults which 
did not migrate offshore showed no further gonadal development in inshore waters.

Shepard (1986) sampled 206 southern flounder in Barataria Bay, Louisiana, finding 178 
female and 28 male fish. Females averaged 358 mm TL, ranging from 235-520 mm, while males 
averaged 247 mm TL and ranged from 114 to 295 mm. The smallest female with spawning potential 
(based on use o f gonadosomatic indices) was 243 mm TL, while the smallest potentially spawning 
male was 170 mm.

Music and Pafford (1984) found the smallest southern flounder for w hich sex could be 
determined through gross exam ination to be 130 m m  (Age 0) for females and 232 mm (Age 1) for 
males. They further stated an insufficient num ber o f  adults were collected from North Carolina 
waters to allow determination o f length and age at first spawning, since spawning took place at sea. 
A ll specimens examined exhibited early stages o f  gonadal development (I-III). O f the females 
exam ined, 92% were stage I, 7% stage II, and 1% stage III (mature). M ales showed less 
developm ent (91% - I, 9%  - II, 0 - III). Male flounder seldom exceeded 12"; females were 
approximately 12" TL in the second year o f  life, 18" TL in the third year (Stokes 1977).

In South Carolina, first maturity o f male and female southern flounder was noted at 230 mm 
and 320 mm, respectively. All males greater than 310 mm and females greater than 380 m m  were 
mature (Wenner et al. 1990). Etzold and Christmas (1979) found all fish to become sexually mature
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by their third year, at 13.3" standard length (SL), in Mississippi waters. They found the smallest 
sexually mature fish at 9.0" SL.

Nall (1979) stated that female southern flounder did not commonly mature until more than 
six years o f age. He felt that large numbers o f females were harvested prior to spawning. Other 
authors stated that southern flounder reach sexual maturity at approximately 2-3 years o f  age 
(Manooch 1984; Stokes 1977; W ennere/aZ. 1990).

2.4.2 Time and Duration o f  Spawn

In North Carolina, flounder have been reported as winter spawners by several authors, 
including Ross and Epperly (1985). Smith et al. (1975) found southern flounder to spawn during 
fall and early winter there. Ginsburg (1952) stated southern flounder may spawn for extended 
periods, although the general season was fall and early winter.

Stokes (1977) reported sexually mature adults emigrating offshore during October- 
December, and juveniles immigrating during January-February in Texas. Southern flounder left 
Aransas Bay to spawn in the G ulf o f  Mexico from October through December, 1974 (Stokes 1977). 
Maximum emigration was from November 11-14, as indicated by maximum CPUE in the gill net. 
Emigration o f males preceded that o f  females and male flounder were not present in samples after 
Novem ber 25. Adults in the developing stage began to enter the catch during mid September, 
developed stages were apparent from October through December, finally becoming gravid in 
December. This indicates a very short incubation period, assuming courtship and spawning behavior 
occur sporadically during the October-December period.

Gunter (1938) reported this species to spawn from September to  April, based on the 
appearance o f young flounder along beaches in April. Ginsburg (1952) concluded spawning 
activities extended from late fall to early winter and possibly longer. Flounder with developing roe 
were captured in October 1942 in Texas (Gunter 1945).

Laska (1973) collected nine (205 to 365 mm TL) flounder from September through 
December at the Chandeleur Islands, Louisiana, and reported they were apparently pre-spawn fish. 
Louisiana gonadosomatic indices (GSFs) plotted by month indicated an increase in gonadal 
development o f females beginning in August, continuing to N ovember (Shepard 1986). An 
observed decline in December indicated a peak in spawning activity during that month. Similar 
findings were reported by Henderson-Arzapalo et al. (1988) following analysis o f  gonadal conditions 
o f  southern flounder exposed to a four month compressed conditioning cycle (Table 3). Although 
Shepard (1986) analyzed G SI's and determined peak spawning activity occurred during December 
in the vicinity o f Grand Isle, Louisiana, he could not define the extent o f the spawning season due 
to movement o f animals offshore. It should, however, be very similar to the time period reported 
by other investigators, based on emigration patterns and subsequent capture by the offshore shrimp 
fleet.
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Stickney and W hite (1974a) postulated spawning that began in early winter along the Georgia 
coast, based on their finding postlarvae inshore during the same time. G unter (1945) and Simmons 
(1951) reported spawning in winter, primarily November to January, along the G ulf o f  Mexico coast, 
over the inner and central continental shelf.

Arnold et al. (1977) documented spawning on December 21, 1976, and for 12 consecutive 
days following. Swingle (1971) collected the smallest southern flounder (59 m m ) in Decem ber in 
the M obile Bay, Alabam a area, while in Texas, Gunter (1945) reported collecting young 17 to 40 
m m  TL during December, February, March, and April, also indicative o f  a spawn in late fall-early 
winter.

N all (1979) found developing eggs in all female southern flounder 6+ years o f  age in 
A labam a and northern Florida. Only 8%, 5%, and 18% o f  four, five, and six year old fish were 
involved, however. The smallest maturing specimen collected was 308 mm (12.1" TL). Note that 
N all’s ageing estimate was not consistent with that o f  other investigators, possibly accounting for 
the greater age at maturity.

Hildebrand and Cable (1930) reported an earlier (September to May) spawning peak among 
Paralichthys spp. in N orth Carolina, as water temperatures cool earlier there than in southern and 
central areas o f  the G u lf o f Mexico. No distinction between species was made, however, and data 
may not have included P. lethostigma.

Normal winter spawning conditions o f 18 C and a 9 hour (h) light: 15h dark photoperiod was 
reported in Texas by Henderson-Arzapalo et al. (1988). Arnold et al. (1977) reported similar results, 
as laboratory kept southern flounder spawned only at 17 C, 9h light conditions. Gonadal maturation 
and egg release occurred only when lab conditions followed the natural seasonal pattern. Regardless 
o f  temperature and photoperiod manipulation, eggs were released only during December-February, 
and w ere usually released in the early morning between 0500-0900 hours. Egg releases began 
Decem ber and continued through mid-January. By the end o f  March, all females were refractory 
(Henderson-Arzapalo et al. 1988). This characteristic may be physiologically regulated, as Hickman 
(1968) found adult southern flounder to exhibit seasonal changes in osmoregulatory processes. 
These changes corresponded to spawning migrations between estuarine and offshore waters.

Nall (1979) found gonadal development in female flounder from M obile Bay, Alabam a as 
early as August. Fifty-eight percent o f  females over 308 mm TL contained ripening gonads. The 
youngest maturing female observed was reported as age group 4, while the sm allest individual was 
256 mm SL. All females found maturing in August were over six years old.

White and Stickney (1973) reported a very practical means o f sexing flatfish while collecting 
sexually mature fish for laboratory spawning. They held trawl-captured flatfish up to a strong light 
and observed internal anatomy. They found sexing the animals to be relatively easy, and presence 
or lack o f distended ovaries extending posteriorly in the abdominal cavity could be readily
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distinguished. This enabled gravid to running-ripe females to be easily collected for laboratory 
spawning procedures.

2.4.3 Fecundity

During a laboratory spawning and larval study using six pairs o f  adult southern flounder, 
Arnold et al. (1977) observed spawning on 12 consecutive days after an initial spawn on December 
21 ,1976. These spawns produced a total o f  1.2 X 105 eggs, with a fertilization rate o f  30-50%.

Lasswell et al. (1978) reported three spawning females to produce batches o f  approximately 
40,000 eggs each. The fertilization percentage and hatching rate were similar to that reported by 
Arnold et al. ( 1977), averaging only 26% and 50% for each, respectively. In another study, Lasswell 
et al. (1978) found females to produce approximately 5,000 eggs per spawn that were fertilized (a 
fertilization rate o f approximately 80%). These eggs hatched within 40 hours at a water temperature 
o f 22 C.

Henderson-Arzapalo et al. (1988) reported 24 releases o f 66 to 28,900 eggs occurred between 
Decem ber and February(TabIe 4). Based on those data, they remarked that batch fecundity was 
small when compared to m ost cultured flatfish species.

White and Stickney (1973), when reporting on flatfish in general, stated that females often 
lay over 100 thousand (k) eggs per spawning season, depending on species.

2.4.4 Temperature. Salinity. Photoperiod, and Spawning Habitat

Water temperature has a  definite impact on stages o f gonadal development in preparation for 
spawning. O f all specimens collected by Music and Pafford (1984) only one stage III female was 
found; this fish was collected during August in waters above 31 ppt. The authors surmised this fish 
was preparing to move offshore in anticipation o f  the fall and winter spawning season. They found 
no advanced stages o f gonadal development in fish from Georgia inshore waters. Miller et al. (1984) 
suggested several advantages o f winter spawning, including: greater survival at reduced
temperature, refuge from predation, and advantageous currents into nursery areas from offshore 
spawning grounds.

Music and Pafford (1984) found little, if  any, spawning occurring in Georgia inshore waters, 
while in near-offshore waters o f  Mississippi. Etzold and Christmas (1979) stated spawning took 
place from September to January with peak activity occurring in October. Shepard (1986) also 
indicated an offshore spawn near Grand Isle, Louisiana, based on emigration patterns and subsequent 
capture by the offshore shrimp fleet. Arnold et al. (1977) induced laboratory spawning at a mean 
temperature ranging from 16.5 - 17.5 C and a salinity o f  28 ppt (Table 5), similar to offshore 
environmental conditions in early winter.

17



Lasswell et al. (1978), using carp pituitary hormone to induce laboratory spawning o f 
southern flounder, reported eggs hatched in 40 hours at water temperatures o f  22 C. Arnold et al. 
(1977) stated laboratory spawned eggs hatched in 61 to 76 hours at 17 C and 28 ppt salinity.

Stokes (1977) found southern flounder emigrating from Texas bay system s in preparation 
for spawning in the G u lf o f  Mexico when a characteristic decrease o f  w ater temperature from 
approxim ately 23 C occurred (normally October-December). Passage o f  cold fronts normally 
triggered this activity.

Stickney and W hite (1974a) found postlarval southern flounder growth most rapid at 
salinities as high as 30 ppt. Salinity requirements change rapidly with age and within a few months, 
juvenile southern flounder grow most rapidly at low (5-10 ppt) salinities. These changes probably 
relate to their normal m igrational patterns. Stickney and White (1974a) reported that southern 
flounder in Georgia are spawned offshore and migrate to inshore waters as postlarvae. They found 
that although the species was euryhaline, southern flounder larvae grew m ost rapidly at high 
salinities (30 ppt) until reaching advanced postlarval stages, whereupon low  salinity w ater was 
preferred. Deubler (1960) demonstrated that southern flounder postlarvae w ere able to survive and 
grow at salinities ranging from  0-30 ppt without prior acclimation. These studies also indicated 
increased growth with an increase in salinity.

Smith et al. (1975) found all four species o f Paralichthys in the Cape Hatteras area to spawn 
in fall and early winter. Spawning apparently peaked in late November to early December, as larval 
numbers peaked in m id December.

Benson (1982) also found that southern flounder spawned offshore and reported waters 66 
to 197' deep were m ost often utilized.

2.4.5 Courtship and Spawning Behavior

Arnold et al. (1977) reported courtship and spawning behavior from laboratory experiments. 
They noted males attended females three weeks prior to spawning. M ales followed females and 
positioned their heads near the female’s vent when they rested. Actual spawning occurred at midday 
in the lab, near the surface, and only the larger (>2kg) females spawned. They spawned more than 
three times each. They further classified southern flounder as serial spawners, having an extended 
spawning season o f  variable duration.

Lasswell et al. (1978) observed several spawning acts and reported each to involve one male 
and one female. In each observation, the male released a small amount o f  sperm which may have 
been insufficient to fertilize all eggs released by the female. This may have been due in part to the 
hormone method used to induce spawning.

Sexual ratios o f  southern flounder as reported by Music and Pafford (1984), may also affect 
reproductive success, as no males were found less than 151 mm nor over 401 mm. Absence o f  male
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fish in the smaller and larger sizes raised the overall sex ratio to 9.5:1, from a total o f 116 southern 
flounder examined between January 1979 and June 1982 in Georgia (Table 6).

2.5 Recruitment and Recruitment Mechanisms

Ward et al. (1980) provided a schematic model o f the life cycle o f  southern flounder for the 
Texas coast (Figure 6). Following a winter spawn on the continental shelf, eggs and early life stages 
drift passively toward estuaries with prevailing currents. Young were believed to pursue a more 
active movement toward inshore waters with growth. In North Carolina waters, Miller et al. (1984) 
analyzed shelf currents and believed larval distribution more likely a function o f  currents than active 
swimming. They noted that peak recruitment o f  fall and winter spawned larvae coincided with 
favorable growth and survival conditions. The extended period o f recruitment ensures survival o f 
at least some larvae during favorable conditions (W arlen and Burke 1990).

Larval transport and recruitment along the Atlantic coast may be affected by the presence o f 
the G ulf Stream current, which provides a mechanism for rapid longshore movement o f  larvae. 
Although larvae were not abundant south o f Cape Hatteras, they were collected on the outer half o f 
the shelf (Smith et al. 1975). They postulated some o f those larvae were spawned locally, while 
others were transported into the area surveyed from southern spawning grounds. This current is not 
as well-defined and much weaker in the northern G ulf o f Mexico, and may not provide the longshore 
transport mechanism available to Atlantic coast stocks.

In North Carolina estuaries, peak recruitment o f juvenile flounder usually occurred when 
stratification and tidal exchange ratios were at a yearly maximum. To avoid being flushed from the 
estuary following recruitment, flounder exhibited certain behavioral responses to photoperiod and 
tide (Weinstein et al. 1980). They also suggested postlarval transport into the marshes and 
freshwater areas was enhanced by a surface migration on flood tides at night and "riding out" ebb 
tides on or near the bottom (Figure 7). The study implied tidal response might be the primary 
mechanism utilized by postlarval flounder to reach suitable nursery habitats.

Williams and Deubler (1968) reported postlarval immigration related to lunar phase but no 
correlation was found between rate o f immigration and wind. King (1971), however, found the rate 
o f immigration o f postlarval flounders (P. lethostigma inclusive) in Texas waters was significantly 
correlated with wind direction and that immigration was greatest during onshore or southerly winds. 
His data also indicated higher rates o f  immigration with increased salinities and current velocities 
along with more turbid water and increased tidal amplitude (including duration o f  flood tides). King 
(1971) further recorded postlarval Paralichthys spp. in greatest numbers near the sides o f  channels, 
and slightly higher numbers near the west bank, as opposed to the east bank o f  Cedar Bayou inlet. 
Horizontal distribution was uneven within the inlet. No correlation was noted between rate o f 
ingress and air or water temperatures, although Stokes (1977) found immigration beginning in Texas 
at water temperatures as low as 13.8 C and peak influx at 16.0-16.2 C. This was probably directly 
related to season, rather than temperature as a primary factor controlling ingress.
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In a southeast Louisiana tidal pass, Sabins (1973) noted juvenile flounder catch appeared to 
be affected by tidal stages more than light cycles. He described the tendency for young to 
concentrate along channel edges, especially in quieter waters along the western edge o f  the tidal 
channel during ebb tide and then move inland with flood tides. Sabins suggested similar die! 
patterns among immigrating YOY might aid individuals to maintain a shoreward transport and avoid 
being flushed seaward. W einstein et al. (1980) presented similar data gathered from North Carolina 
estuaries.

In North Carolina, peak recruitment o f southern flounder occurred from April to June (Ross 
and Carpenter 1983). Ross and Epperly (1985) proposed an April or M ay peak in Pamlico Sound, 
N orth  Carolina, while Rozas and Hackney (1984) described a M arch peak in North Carolina 
oligohaline marshes.

Southern flounder larvae have been collected as early as November from east coast waters, 
but no earlier than December along the G ulf coast with some variation among researchers by area. 
M ost agree on a peak arrival in the estuaries from February to March (Table 7). Smallest individuals 
and maximum immigration was noted in February by Stokes (1977) in the area o f  Aransas Bay, 
Texas. In a Georgia salt marsh, Rogers et al. (1984) found recruitment to terminate in March, 
coinciding with peak abundance. Etzold and Christmas (1979) reported an inshore movement o f 
recruits from December through May in coastal Mississippi.

In Louisiana, studies in the major estuarine systems indicated initial arrival o f  southern 
flounder recruits in January, increasing in February and March, and continuing through April (Table 
7). M inim um size at initial recruitment ranged from the 0-5 mm standard length (SL) group in 
January (Rogers and Herke 1985) to 51 mm TL in April (Norden 1966). Rogers and Herke (1985), 
while investigating arrival o f  young o f  the year (YOY) in southwest Louisiana marshes (Figure 8), 
found catch/sample occurring in two peaks (February and March). Felley (1987) reported juvenile 
P. lethostigma appeared during spring months (March-April-May) in the Calcasieu Lake estuary, 
Louisiana. Norden (1966) also collected 11-30 mm TL juveniles in M arch, while Gunter (1938) 
seined juveniles 5-10 mm TL from the Barataria Bay, Louisiana beach in April. Juveniles 21-24 mm 
TL were collected during January near Chandeleur Island, Louisiana by Laska (1973). He also 
reported two young o f  6 and 7 mm TL and 20 others ranging from 15-31 mm TL during March.

Immigration o f juvenile southern flounder began during February 1974 and January 1975 
near Aransas Pass, Texas (Stokes 1977). February was the month o f  greatest immigration during 
both years, as indicated by the incidence o f  capture. Juveniles were generally recorded in passes 
near the G ulf first, inshore channels next, and finally inshore bays. They were m ost numerous in 
bays during spring months, peaked in June or July, and decreased thereafter. N et avoidance by 
larger fish was thought to be the main reason for decreased catch.

In North Carolina, Deubler (1958), Tagatz and Dudley (1961), and W illiams and Deubler 
(1968) found southern flounder postlarvae to enter estuaries during winter. Following a late 
fall/early winter oceanic spawn (Smith et al. 1975), southern flounder larvae were collected during
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nighttime flood tides as they entered North Carolina estuaries (Warlen and Burke 1990). In a study 
spanning four winters in North Carolina, Burke et al. (1991) collected metamorphosing, planktonic 
larvae from late N ovember to mid April with a peak in February.

Young o f the year (YOY)ranging from 10-40 mm TL were first captured in estuarine waters 
during March in North Carolina. Young juveniles apparently sought upper reaches o f  tributaries 
during recruitment, as they were captured in open water areas until April and then very few were 
observed. Young o f  the year dominated flounder catches in the northern tributary system, and 
ranged 18-65 mm TL in size (Powell and Schwartz 1977).

Turner and Johnson (1974) reported similar findings from South Carolina when they found 
large numbers o f small flounder in tidal streams, with most occurring in April. They stated these 
were all YOY moving into nursery areas.

Southern flounder YOY were also found to appear in maximum numbers during spring in 
North Carolina by Hawkins (1982), corresponding to larval and juvenile recruitment patterns o f the 
majority o f estuarine dependent species (Table 8).

Other studies indicated migration o f  postlarval and juvenile southern flounder toward 
freshwater, up-river or low salinity intertidal zones (Hildebrand and Cable 1930; Powell and 
Schwartz 1977; W einstein 1979; W einstein et al. 1980; Smith 1981; Hawkins 1982; Rogers etal. 
1984; and Rozas and Hackney 1984). In South Carolina, Wenner et a l  (1990) noted distribution o f 
YOY (January-April) was nearly three times greater at the most upriver station than the site nearest 
the ocean. Rogers et al. (1984) found the highest abundance o f recruits to concentrate in northerly 
estuaries in freshwater conditions and to utilize the shallow nursery area on a size-specific basis. As 
residence-time and growth increased, movement toward more saline waters began. Since less saline 
headwaters o f the total distribution range are utilized first with subsequent movement to more saline 
waters occurring with growth, there is a "filling up backward" o f the nursery (Herke 1971; Weinstein 
1979).

2.6 Migration/Movement

Benson (1982) described southern flounder as a "euryhaline, estuarine dependent bottom 
fish" seasonally distributed from deep G ulf waters (110 m) to shallow estuaries. Influx o f YOY into 
northerly estuaries, and a  movement to more saline waters with growth indicates southern flounder 
migrate seasonally through a salinity gradient, moving from lower salinities o f  the estuaries in spring 
to higher salinities offshore during winter. This movement might be in response to an optimum 
salinity/temperature condition under which maximum growth rates occur, provided a sufficient food 
supply is available (Peters and Kjelson 1975).

Juveniles decreased rapidly in abundance in upper creeks after April in the southern area o f 
N orth Carolina and m ovement was completed by July. In the northern area, flounder utilized

21



shallow tributaries through July, with decreasing numbers noted thereafter. In North Carolina, Burke 
et al. (1991) reported that recruits initially settled on high salinity intertidal flats followed by 
upstream  movement toward the head o f the estuary where they settled on shallow tidal flats with 
m uddy substrates. Salinity affected distribution more than substrate. Advanced juveniles sought 
out nursery grounds in N orth Carolina estuaries characterized by low salinities and muddy 
substrates. After reaching yearling size, movement out o f those areas was thought to occur (Powell 
and Schwartz 1977).

Larval forms o f  P. lethostigma were collected during March and April in Vermilion Bay, 
Louisiana by Norden (1966). Gunter (1938) also reported collecting 5-10 mm TL fish in April 1933 
in seines on outside beaches o f  Louisiana. Approximately two months later, they appeared in trawls 
at 12-15 mm TL. He surm ised spawning occurred in winter months, based on those findings.

Simmons and H oese (1959) noted an intense seaward movement o f  these fish during fall 
months associated with declining water temperatures; Simmons and Hoese (1959) reported seasonal 
movements o f southern flounder in Cedar Bayou, Texas. During April and May, random movement 
was recorded; in June bayward movement; July-August revealed random movement; September, 
November, and December were months o f gulfward movement. No flounder were found in January 
and February. They reported numerous southern flounder captured in fish traps in Cedar Bayou, 
Texas, during 1950. Some fish captured were tagged and later recaptured by shrimp boats in the 
G ulf o f Mexico in 20 fathom s (fin) o f water. Stokes (1977) found adults leaving Texas bays from 
m id-O ctober to mid-December, peaking in mid-November. This seasonal movement was also 
associated with a 4-5 C decrease in water temperature. Arnold et al. (1960) reported a  "fall run" 
o f  southern flounder in October and November at Galveston Island, Texas, thought to be associated 
with spawning activities. In contrast, moderate to warm winters can cause departure from bays over 
an extended period rather than a mass exodus following a severe cold front (Hoese and Moore 1977).

Other researchers describing a fall and early winter migration include Hildebrand and Cable 
(1930), Kelly (1965), Hoese and Moore (1977), and Shepard (1986). Some authors included older 
juveniles along with adults in this gulfward movement (Ginsburg 1952; Fox and White 1969; Stokes 
1973; Powell and Schwartz 1977; and Randall and Vergara 1978). Although some young o f  the year 
leave estuaries in the fall, m ost remain and overwinter in deeper holes and channels (Gunter 1938 
and 1945). Ogren and Brusher (1977) and Stokes (1977) also noted some adults remained and 
utilized deeper portions o f  the estuary during winter. In Texas, Stokes (1977) reported highest 
w inter catches within bays at stations along or within the G ulf Intracoastal Waterway. In North 
Carolina, Devries and Harvell (1982) believed some flounder overwintered in the river or returned 
there the following spring or summer from areas o f deeper water.

From the time o f  recruitment, age I individuals were abundant in the estuary for 18-20 
m onths w ith yearlings moving seaward by mid to late summer o f their second year (Powell and 
Schwartz 1972). Analysis o f their length/frequency data led Devries and Harvell (1982) to suggest 
a higher proportion o f  age II or older fish migrated to the ocean in the fall than age I fish. Smith 
(1981) stated young o f  the year remained in and utilized nurseries up to their second year o f  life.
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In seaward migrations during fall months, males appeared to leave estuaries earlier than females 
(Simmons 1957; Simmons and Hoese 1959; Stokes 1977). Older males probably remain in the G ulf 
o f  Mexico and do not return to estuaries with other adults; the return m ovement usually begins the 
following February (Stokes 1977).

Smith (1981) reported localized movement associated with tidal stages, as this species moved 
on and off o f shallow bars and flats with rise and fall o f  tides. Stokes (1977), although reporting one 
tagged southern flounder recaptured 48 miles northeast o f the tag site, found inconsistent movement 
patterns o f 0-11.3 miles between and within bays.

Green (1986) accumulated 25 years o f tag and release data from coastal Texas waters. 
Results indicated the majority (58%) o f southern flounder were recaptured within five kilometers 
(km) o f the tagging location and 69% within the same bay system. Most recaptures were within 90 
days of release. During a four year study in coastal Georgia, average time at large was 215 days with 
average movement o f 54 km. Only 32% o f all recoveries were within the estuary o f  release and 
occurred during summer and fall. Greatest recorded movement outside the estuary was seaward 
toward warmer, higher salinity waters in the fall (Music and Pafford 1984). In North Carolina 
waters, Devries and Harvell (1982) received most returns in less than 40 days within 6.4 km o f  the 
release site. Intermediate and long-term returns indicated a seaward movement. M onaghan (1992) 
in North Carolina waters and Wenner et al. (1990) in South Carolina waters noted similar results. 
These studies reported some individuals traveled considerable distances: Music and Pafford (1984), 
556 km; Monaghan (1992), 428 km; W enner et al. (1990), 404.7 km in 472 days; Green (1986) 
15.2% moved > 4 0  km; Devries and Harvell (1982), several in excess o f  322 km with one at 740 km 
and another moving 645 km in 131 days, averaging 4.9 km/day.

2.7 Age/Growth

Yolk sac larvae o f  laboratory spawned southern flounder measured 1.2-1.4 m m  TL with a 
0.7 mm long yolk sac containing a single oil globule at its posterior edge (Lasswell et al. 1978). 
M etam orphosis o f laboratory cultured larvae began at 40-46 days (8-11 mm TL) and structural 
changes to postlarvae were complete at 50-51 days. Thereafter, fingerlings became completely 
demersal (Arnold et al. 1977). In postlarvae collected for growth studies, Deubler (1960) measured
8-12 mm SL fish which weighed 15 milligrams (mg) after preservation. Stickney and White (1974a) 
found southern flounder in North Carolina to average 28 grams (g) after five months while fish from 
Georgia averaged 15 g. Initial weights o f  the North Carolina stock was 0.5 g and required 10 weeks 
to attain a 500% weight increase. Etzold and Christmas (1979) also indicated there was some 
evidence o f differing growth rates from various areas. Christmas and W aller (1973) collected 
individuals less than 38 mm TL in March, April, and May in Mississippi estuaries. Young fish from 
17-40 mm TL were caught in Aransas Bay, Texas during December, February, March, and April 
(Gunter 1945). The youngest fish measured were 80 mm TL in May, with the lower size limit 
increasing rapidly during summer.
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Powell and Schwartz (1977) reported 130 mm TL southern flounder by December o f  the first 
year while Hawkins (1982) found 60-160 mm TL fish in October and November. Their age/growth 
observations indicated 90-100 mm TL fish taken in spring were probably slow growing age I 
juveniles recruited the previous year. Laska (1973) reported that by May, young flounder from near 
Chandeleur Island, Louisiana had attained 55 m m  TL, and one specimen o f  88 m m  TL was measured 
in June. Manooch (1984) indicated two-year old southern flounder averaged 365 mm TL, or 14.4", 
indicating an annual growth rate o f approximately 182 mm TL, slightly greater than reported by 
previous authors. Etzold and Christmas (1979) stated that age II fish were 230 m m  (9.0" SL), age 
III 340 mm (13.3” SL) and age IV 480 mm (18.8" SL). Based on multiple tag recaptures o f  five 
southern flounder (mean length 271 mm), Wermer et al. (1990) estimated growth rate o f  0.17 
mm/day.

In January, Wermer et al. (1990) found newly recruited YOY were 1 cm in length and ranged 
between 20-130 cm by M ay according to modes o f progressive monthly histograms. Analysis o f 
otoliths confirmed YOY grew to 170 mm in June, averaging 210 mm by November. A significant 
difference in growth rates was noted between males and females at ages I and II. By December, 
male YOY averaged 263 m m  and females 330 mm. On an annual basis, age II females averaged 100 
m m  longer than males. Growth rates declined in males after age II with few  individuals found 
greater than 350 mm and none older than age III. Rapid growth o f females continued through ages 
III-V. Age/growth work reported by Wermer et al. (1990) is summarized in Tables 9-11.

Ageing techniques include length/ffequency, dorsal and anal fin ray count, and use o f  scales 
and hard parts (otoliths and vertebrae) which have been used either as whole or sectioned specimens. 
Palko (1984) determined scales were an unacceptable method o f ageing fish while vertebrae and 
otoliths met the required criteria for ageing structure. Music and Pafford (1984) used scales and 
otoliths to age southern flounder and found scale annuli formed once annually. Nall (1979) and 
Stokes (1977) each described opaque growth rings o f  otoliths and thought one was formed annually. 
Nall (1979) suggested a transition to a benthic life following metamorphosis might account for the 
first annulus formation. Wermer et al. (1990) used length frequency and marginal increment analysis 
o f whole left sagittal otolith to age southern flounder. Annulus deposition began in January and was 
completed by April in m ost YOY. One translucent and one opaque ring were formed annually and 
were determined suitable for age estimates. They identified four age classes (0-III) for males and 
eight age classes (0-VII) for females.

Stokes (1977) reported that males exhibited slower growth than females and did not exceed 
320 m m  TL. He found m ales and females o f  equal size had comparable weights, although when 
com paring equal age fish, females were larger than males. His data indicated five age classes o f 
females (to 620 mm TL) and three age classes o f  males. Music and Pafford (1984) estimated mean 
daily growth in millimeters by sex at ages I-VI. Growth o f males at age I-III was 0.33, 0.34, and 
0.27, respectively. Female growth at age I-VI was 0.47, 0.44, 0.35, 0.34, 0.06, and 0.21, 
respectively. When sexes were combined, average daily growth rate at age I = 0.43, age II = 0.44, 
and age III = 0.34. Nall (1979) compared back-calculated lengths and means to a theoretical growth 
curve (Figure 9). His back-calculated average SL o f  combined sexes by age are presented in Table
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12. In Mississippi, Etzold and Christmas (1979) reported larger sizes at age II (230 mm), age III 
(340), and age IV (480 mm). Nall's (1979) calculated Von Bertalanffy growth model [SLt = 1461 
(l-e"-0308̂ "' 8629))] predicted a theoretical maximum age o f twenty years and a maximum SL o f  1461 
mm; he projected a 9-10 year maximum life span and suggested growth was limited by life span and 
not by maximum size. Nall (1979) and Music and Pafford (1984) described growth o f  southern 
flounder as isometric, where weight increased directly with length (Figure 10).

N all's (1979) length-weight relationship for 175 fish (sexes combined) is presented in 
Figure 11. He reported log W = -4.9176 + 3.0984 log L and computed a SL/TL linear regression 
as: SL = 5.3449 + .8208 TL for summer-caught fish. Conversion o f TL to SL can be accomplished 
by subtracting 17% o f total body length fox Paralichthys (Gilbert 1986). Music and Pafford’s (1984) 
length-weight relationship (Figure 10) and equation for 233 fish (combined sexes) was log W 
= 3.091 log L - 5.157. They also determined an equation for females (log W  = 2.970 log L - 4.844) 
and males (log W = 2.984 log L - 4.893). Their length/age relationship is presented in Figure 12.

The oldest fish collected by Nall (1979) was reported to be ten years (402 mm SL). Stokes 
(1977) reported collecting five age classes o f females and three age classes o f  males from Texas 
waters. The oldest fish collected by Music and Pafford (1984) from Georgia waters were an age VI 
female and an age III male. The largest recorded fish reported by Ginsburg (1952) was 762 mm TL. 
W olff (1977) identified no southern flounder in excess o f  405 mm and few males longer than 355 
mm. Nall's (1979) length frequency histogram is provided in Figure 13. According to Ross (1982), 
most flounder encountered in autumn ranged from 265-505 mm TL, with an average weight o f  0.75 
kg (Figure 14). This is fairly consistent with all reported data relative to average sizes o f southern 
flounder one would expect to encounter in bay/sound areas.

Stokes (1977) also reported recently spawned (postlarval) southern flounder were not 
collected from low salinity (10-12 ppt) areas until March, or approximately one to two months later 
than nearshore areas. Distance from the spawning site was also a factor, and could have been the 
major contributor.

Stickney and White (1974a) reported southern flounder may not be physiologically adapted 
to lower salinities until late postlarval size. Higher salinities were also indicated to be advantageous 
to rapid growth and larger sizes o f postlarval southern flounder when food supply, temperature, and 
light were controlled (Deubler 1960).

Some researchers have questioned the validity and reliability o f ageing techniques; Gilbert 
(1986) in his review o f age/growth studies of Paralichthys noted analysis o f  animal size classes was 
o f limited value due to "...variable individual growth rates and protracted spawning seasons".
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2.8 Food Habits/Predator-Prey Relationships

W agner (1973) described southern flounder as an estuarine- dependent carnivore at the top o f  the 
food chain. Early life stages reportedly fed prim arily on plankton in M ississippi (G ilbert 1986; 
Etzold and Christmas 1979), and young southern flounder fed on bottom invertebrates in  Lake 
Pontchartrain, Louisiana (Darnell 1958). Stokes (1977) also found smaller fish (10-150 mm  TL) fed 
prim arily upon mysids. Overstreet and Heard (1982) concurred, specifically identifying the 
dom inant m ysid as Mysidopsis almyra. Stokes (1973) found larvae ate various forms o f 
zooplankton, while juveniles fed largely on shrimp, crabs, menhaden, croaker, and other flounder. 
Older juveniles actively fed day and night.

Minello et al. (1989) termed this species an "ambush predator". M usic and Pafford (1984) 
also believed it exhibited a  "lay and wait" feeding behavior. A characteristic feeding activity was 
described as a  "normal burrowing pattern" by Henderson-Arzapalo et al. (1988). In aquarium 
experiments, southern flounder (84-94 mm TL) exhibited various patterns o f  feeding behavior, 
including active searching on the bottom and in the water column (Minello et al. 1987). O lla et al. 
(1972) described the "prey stalking" behavior for summer flounder P. dentatus; similar behavior 
should be exhibited by the related southern flounder. Minello et al. (1987) stated that normally the 
fish remained motionless and waited for prey to com e within striking distance before attacking. 
They noted that stalking activity was accompanied by active eye movements, tracking potential prey, 
supporting DeGroot (1971) who classified bothid flounders primarily as visual feeders. In an 
unpublished study o f diel feeding periodicity summarized by Minello et al. (1987), southern flounder 
were found to feed at night in the absence o f  light, suggesting that other sensory mechanisms may 
also be used in prey detection.

Stokes (1973) noted older juveniles and adults fed actively day and night; they fed on shrimp 
during both periods with mean predation rates highest during afternoon hours. Smaller flounder 
consum ed approximately 7.6% o f their live weight, while larger fish ate about 4.0% o f  their live 
w eight each day. They fed on shrimp until the prey reached 33-50% o f  the total length o f  the 
predator (Minello et al. 1989). Minello et al. (1987) noted an increase in the predation rate on brown 
shrim p in turbid water and suggested it was related to feeding tactics o f  the predator and prey 
behavior. Feeding activity was greatest at water temperatures o f 16-25 C, during the three day 
period following a first quarter moon, and the three day period prior to  a new  moon (M usic and 
Pafford 1984). Wright et al. (1993) noted predation by southern flounder significantly modified the 
size structure o f  the prey fish assemblage in an experimental pond. They reported that flounder 
responded to an increase in prey density by an increase in consumption rate. This type o f  response 
typically rises at a continually decreasing rate. Instantaneous daily growth rates were determined 
to be 0.012 g-g"! day*1 for small flounder (216 mm SL) and 0.0052 g-g*’ d ay 1 for large flounder (268 
m m  SL).

Southern flounder consume a wide variety o f  food items (Table 13). W ith growth, fish 
becom e the major com ponent o f  the diet (Stokes 1977; Powell and Schwartz 1979; Smith 1981). 
Overstreet and Heard (1982) also noted fish were consumed more frequently by large individuals,
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occurring more often in the diet during spring and summer. Minello et al. (1989) reported southern 
flounder as the dominant fish predator on brown shrimp during spring in Galveston Bay. In 
Mississippi Sound, flounder stomachs most frequently contained fish w ith approximately one third 
containing penaeid shrimp from spring through autumn (Overstreet and Heard 1982). When penaeid 
shrimp availability was low in winter, they were replaced by mysids. Bay anchovy (Anchoa 
mitchilli) dominated the fish prey species. Unpublished LDWF data indicate that 40% o f  collected 
flounder had empty stomachs. O f the remainder, fish remains were found in 19.8% o f  stomachs, 
followed in decreasing order o f  abundance by white shrimp (8.8%), blue crab (8.2%), and brown 
shrimp (7.0%). In Texas waters, Stokes (1977) listed the common prey found in fish over 150 mm 
as: Anchoa, Mugil, Penaeus, Brevoortia, and Atlantic croaker (Micropogonias undulatus). In Lake 
Pontchartrain, Louisiana, Darnell (1958) reported 89% o f the food volum e in stomachs were fish, 
vAih Anchoa mitchilli diaphana making up 41 % o f that total. Studying the same lake, Levine (1980) 
also noted the prevalence o f  anchovy in stomach contents. Fox and W hite (1969) reported 
approxim ately 94% (by volume) o f stomachs from Barataria Bay, Louisiana contained juvenile 
striped mullet (Mugil cephalus) and anchovies.

As southern flounder grew they consumed more prey individuals o f  the same size class, 
rather than using larger food items (Fox and W hite 1969). They found the same type o f diet 
irrespective o f  an increase in size and attributed it to seasonal availability o f  food in the bay system. 
Darnell (1958) also stated the relative percentage o f  food utilized from one environm ent to another 
may be related to seasonal availability rather than prey selectivity. However, Rice and Crowder 
(1993) found a size-dependent predation rate between spot and southern flounder in North Carolina 
pond studies in which small flounder fed on small spot and larger flounder fed on larger spot. When 
small and large flounder were mixed, large spot survival rate was 2.4 times greater because the 
sm aller spot were preyed on more heavily. In South Carolina W enner et al. (1990) described 
ontogenetic changes in southern flounder diet for four major prey species. Primary decapod 
crustaceans utilized for food were palaemonid shrimp while more im portant fish species included 
mummichog (Fundulus heteroclitus), spot (Leiostomus xanthurus), and striped mullet. As size class 
increased, striped mullet became the most important prey species.

2.9 Environmental Tolerance and Habitat Requirements

Enge and Mulholland (1985) summarized environmental tolerances and habitat requirements 
for southern flounder in the process o f developing a habitat suitability index for the species. W ithin 
estuaries, Music and Pafford (1984) reported southern flounder at all depths including shallow flats 
where they were common, especially during flood tides. Nall (1979) also reported them as common 
in shallow waters. In a Texas bay, Stokes (1977) noted catch o f this species highest in winter within 
and along the edges o f  the G ulf Intracoastal Waterway.

In offshore waters, Darnell (1985) found the species at depths o f  7-99 m, being more 
widespread and abundant in nearshore shelf waters. Southern flounder were found regularly in 
depths o f at least 47.6 m (26 fm) by Hildebrand (1954). A fall SEAMAP (Southeast Area
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M onitoring and Assessment Program) survey for the G ulf o f Mexico indicated more southern 
flounder occurred in deeper G ulf waters to 109.7 m (60 fm) than at 27.4 m  (15 fm) or less (Sanders 
et al. 1990). Juveniles were m ost abundant in aquatic vegetation filled shallows, over mud bottoms, 
even moving to fresh w ater for short periods (Gunter 1945, Ferret et al. 1971, Dahlberg 1972, 
Swingle and Bland 1974, Hoese and Moore 1977, Yerger 1977, Etzold and Christmas 1979, Epperly 
1984, and Rogers et al. 1984).

Physiological adaption to salinity appeared to change seasonally and with age (Stickney and 
W hite 1974a). Shallow m arsh lakes and blind bayous were believed to be prim e habitat for early 
im m igrating southern flounder in  a Texas river delta (Conner and Truesdale 1972). Rozas and 
Hackney (1974) noted that the oligohaline estuarine intertidal habitat is an im portant nursery area 
for some euryhaline transient species during postlarval and juvenile development, although residence 
tim e is relatively short. They proposed that young o f  these species used other areas for further 
developm ent. Rogers et al. (1984) found that an abundance o f  southern flounder recruits used 
shallow  nursery areas on a size-specific basis. They suggested fish moved toward deeper, more 
saline waters as size increased.

Powell and Schwartz (1977) believed benthic substrate and salinity to be the tw o most 
important factors affecting paralichthid distribution. Southern flounder preferred muddy substrates 
and were relatively abundant in areas where the substrate was composed o f  silt and clay sediments. 
W here sand substrates predominated, these flounder were relatively scarce. Nall (1979) also 
suggested abundance o f southern flounder within its range was determined by bottom type, as it was 
found more commonly in the normally muddy western gulf. This preference for muddy substrates 
was also indicated by Hoese and Moore (1977), Randall and Vergara (1978), Etzold and Christmas 
(1979), and Phalen et al. (1989). Postulated benefits o f this particular environm ent included ease 
o f concealment from predators beneath the sediment surface while awaiting prey (Music and Pafford 
1984).

Powell (1974) and Powell and Schwartz (1977) found a difference in spatial distribution 
between southern and sum m er flounders relative to salinity. In areas less than 12 ppt, southern 
flounder dominated; as salinity increased, summer flounder replaced them  in North Carolina 
estuaries. In areas o f comparable salinity, differences in distribution between the two species were 
related to substrate with summer flounder in sandier and deeper habitats (Powell and Schwartz 
1977).

Use o f  more inland, less saline areas during recruitment was followed by movement to more 
saline areas with growth (Rogers et al. 1984). Simmons (1957) reported this fish in 60 ppt salinities, 
though sharply limited in distribution above 45 ppt. Generally, preference appears to be within a 
5.0 to 20.0 ppt range, as indicated by Gunter (1945), Williams and D eubler (1968), Tarver and 
Savoie (1976), and Epperly (1984). Effects o f  salinity on advanced postlarval southern flounder 
indicate a preference o f 5-15 ppt and suggest a physiological adaptation to a seasonal distribution 
pattern which appears to change seasonally and with age (Stickney and W hite 1974a). W hite and 
Stickney (1973) also reported a change in optimum salinity with age. Adults sought high salinity
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waters in winter and returned inshore the following season (Stickney and W hite 1974a). Stokes 
(1977) believed older males possibly remained offshore and failed to return to the bays.

Deubler (1960), Deubler and White (1962), and Peters and Angelovic (1971) reported faster 
growth at higher salinities. This characteristic was further examined in  lab studies and by stocking 
this species into freshwater lakes.

Lasswell et al. (1977) acclimated newly metamorphosed southern flounder from 28-32 ppt 
into fresh water (<1 ppt) within a three hour period and achieved 100% survival. They reported 
rapid growth o f  fish stocked into freshwater lakes (1.5 kg/year) and noted a  14-month old fish 
weighing 2.0 kg.

Live specimens have been collected in a wide range o f salinities (0.0-60.0 ppt) and 
temperatures (5.0-34.9 C) (Table 14). Based upon preliminary results. W hite and Stickney (1973) 
found temperatures o f 30 C and above retarded growth and increased mortalities while temperatures 
below  20 C reduced growth. They believed the optimum temperature was within the 20-30 C 
range. In North Carolina, Prentice (1989) noted young southern flounder could tolerate temperatures 
to 2 C with little temperature related mortality. In South Carolina, W enner et al. (1990) found 
juvenile southern flounder in temperatures o f 7.2-30.8 C and salinities o f 0.8-34.8 ppt.

Postlarval P. lethostigma also seek lower salinity water in the spring, summer, and fall, 
returning to more saline waters in winter as they approach age I. W enner et al. (1990) found little 
growth in shallow marsh habitats from January through March in South Carolina. As water 
temperatures warmed to 20 C in May, growth rate and average size accelerated. White and Stickney 
(1973) found water temperatures below 20 C and above 30 C to retard growth and suggested the 
optimum was within the 20-30 C range. Deubler (1960) and Deubler and W hite (1962) noted better 
postlarvae growth at cooler temperatures and higher salinities (30 ppt). Stickney and White (1974a) 
thought lower salinity waters would stress younger fish less, resulting in lower mortality and better 
growth. Hickman's (1968) data supports this hypothesis , insofar as movement to suitable salinities 
maximized conversion efficiency, resulting in better growth. In laboratory experiments, Peters 
(1971) and Peters and Angelovic (1971) found juvenile southern flounder grew best at low salinities 
and high temperatures. Stickney and W hite (1974a) reported advanced postlarval fish preferred 
lower salinities (5-15 ppt) and proposed the physiological adaptation to salinity which changes 
seasonally and with age might relate to migration. As temperature and salinity influence food 
conversion o f southern flounder, the seasonal migration pattern o f this fish maintains it in salinities 
that maximize conversion efficiency and growth, provided there is sufficient availability o f  food 
(Peters and Kjelson 1975). Hickman (1968) found osmoregulatory processes responsible for this 
response, as reported by Peters and Kjelson (1975).

Stokes (1977) reported southern flounder recruited to Texas bays at water temperatures as 
low as 13.8 C, but occurred more frequently at 16.0-16.2 C. In association, he found adult flounder 
to first immigrate from the G ulf o f Mexico during April (1974) or February (1975). Numbers o f fish 
gradually increased through June o f each year.
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Emigration o f adults was associated with temperature declines o f  4-5 C. Mass em igration 
in response to colder water temperature has also been reported by other researchers, while D eubler 
and Posner (1963) found southern flounder retreated from water temperatures greater than 25.3 C.

Little information has been reported on acceptable or preferred dissolved oxygen levels, 
although Burden (1978) collected fish from 4.0-10.5 ppm. Deubler and Posner (1963) found P. 
lethostigma postlarvae to actively migrate from areas where dissolved oxygen was below 3.7 parts 
per m illion (ppm). This response was the same, regardless o f temperature. They also reported 
postlarvae to retreat from w ater temperatures over 25.3 C.

Stokes (1977) noted a nocturnal relationship o f  southern flounder distribution w ith the 
presence o f cordgrass (Spartina alterniflora) and that juveniles were m ost abundant in spring near 
dense patches o f shoal grass (Diplanthera wrightii).

Juvenile southern flounder density was found to  be equal in vegetated and non-vegetated 
areas (M inello et al. 1989). Predation rates by southern flounder were affected by substrate and 
water clarity (Minello et al. 1987). They do not appear to select for either Spartina alterniflora or 
non-vegetated substrates (Zimmerm an et al. 1984).

Southern flounder larvae evidently are more light sensitive than other common species, 
exhibit somewhat different diurnal behavior, and may be better able to detect dyed nets, as Weinstein 
et al. (1980) found numbers o f  larvae collected at night exceeded those taken during daylight. They 
also found a tidal response exhibited by larvae in that all three species o f Paralichthys apparently 
settled to the bottom during ebb tide and rose to the surface during flood tide, resulting in a net 
landward transport. This characteristic was thought to enhance the ability o f  larval stages to 
penetrate fresh water streams.

2.10 Parasito logy an d  Pathology

All fish harbor disease organisms and the potential for outbreak o f  disease always exists, 
especially following periods o f stress (White and Stickney 1973). Currently there is no evidence o f 
any parasite or disease known to occur in flounder which is a threat to humans (Etzold and Christmas 
1979).

2.10.1 Ectoparasites

Ectoparasites are fairly common on southern flounder; stress or even death can result from 
the presence o f large num bers o f these organisms (Etzold and Christmas 1979). Some species o f 
parasites show species selectivity. Williams (1979) reported a parasitic leech (Myzobdella lugubris) 
from  the pectoral fin o f  a flounder from the M obile Bay region. Overstreet (1978) reported the 
presence o f  a non-permanently attached transparent copepod {Caligus praetextus) on southern 
flounder. Argulids, commonly called "fish lice" can also cause host damage. Argulus flavescens
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commonly infests the skin o f southern flounder and may appear as small colored dots (Overstreet 
1978).

2.10.2 Endoparasites/Disease

Piscine trypanosomes rarely cause disease; transmission into the hosts' bloodstream is by 
feeding leeches. Overstreet (1978) noted the trypanosome (Trypanoplasma bullocki) in blood o f 
southern flounder and listed it as the most common blood flagellate in Mississippi estuaries. Related 
parasitic sporozoans (hemogregarines) that infect peripheral red blood corpuscles were more 
prevalent than trypanosomes in fishes from this area and one (Haemogregarina platessae) was 
thought to be transmitted by the same leech responsible for trypanosome transmission.

Philometrid nematodes were also found to infect southern flounder (Overstreet 1978). 
M embers o f this group appear reddish and release live larvae rather than eggs. They appear in a 
variety o f locations on and in the host including body cavity, gonads, subdermally, in musculature, 
and between fin rays. O verstreet and Edwards (1976) described two benign pseudoencapsulated 
mesenchymal tumors beneath the gular membrane o f a southern flounder and attributed them  to the 
presence o f a philometrid nematode or a didymozoid trematode.

2.10.3 Pollution/Stress and Related Syndromes

Christmas (1973) thought coastal population growth and industrial pollution exceeded the 
assimilative capacity o f  some M ississippi estuaries and was partly responsible for fish kills along 
its coast. A detailed review o f parasites and diseases relative to polluted habitats was presented by 
Overstreet and Howse (1977). Sindermann (1979) gave an in depth review o f  pollution-associated 
diseases and abnormalities and the relationship o f  disease and environmental stress. Sindermann 
(1979) cited pollution and habitat degradation associated with cases o f  vibriosus and fin erosion in 
summer flounder.

Overstreet and Howse (1977) believed "fin rot syndrome" described several non-specific 
lesions on southern flounder, usually found on fins and commonly hemorrhagic. They estimated 
lesions occurred on approximately 10% o f southern flounder during summer months and 5% on an 
annual basis. They believed at least some o f  the lesions could be attributed to pollutants.

"Pollutants can affect animals directly by causing acute to chronic diseases or they can affect 
the animals indirectly by stressing them and thus allowing them to be vulnerable to parasites or other 
disease agents, forming synergistic or other-type relationships between the pollutant and another 
chemical or disease-causing agent, permitting predators to become affected by feeding on exposed 
animals, or destroying the environment so that animals can no longer live, grow, or reproduce" 
(Overstreet and Howse 1977).
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3.0 D E SC R IPT IO N  O F T H E  FISH E R Y

In some areas o f the G ulf o f  Mexico several species o f flatfishes are substantial com ponents 
o f  the “flounder” fishery. The southern flounder and gu lf flounder are the dom inant flounders in 
commercial and recreational landings for the G ulf o f Mexico. However in Louisiana the recreational 
and commercial harvest are dominated by southern flounder.

Flounder are not one o f  the most important fish species harvested by the commercial fishery 
in the G u lf o f  M exico, based on pounds landed and value. However, the relative importance o f 
“flounder” in commercial catches has increased substantially in com parison to m ost other 
com m ercially important marine food fishes in south Florida (Gilbert 1986). This increase in 
landings occurred prim arily in  the Southeastern U.S., but also to a lesser degree in the G ulf o f 
Mexico.

Flounder are not a prim ary target species o f  m ost recreational anglers as summarized in 
M arine Recreational Fishery Statistics Survey (M RFSS) reports (Table 15)(U.S. Department o f  
Commerce 1980-1996). Only 1.6% o f recreational anglers surveyed from 1979-1986 identified 
flounder as their primary target species. However southern flounder are among the most common 
species listed as second, or especially third preference in creel or mail surveys (Adkins et ah 1990, 
U .S. Department o f Comm erce 1980-1996, Kelso, et al. 1991,1992,1994).

Although not harvested in the large quantities recorded for some other popular commercial 
and recreational species, flounder are still an important part o f the G ulf and south Atlantic fisheries, 
primarily due to excellent quality as a food fish (Gilbert 1986). Numerous authors have indicated 
the importance o f  southern flounder, in particular, to both commercial and recreational fishermen 
(Kelley 1965; Franks et a l  1972; Christmas and Waller 1973; Jackson and Timmer 1976; Mcllwain 
1978; Benson 1982; M atlock 1982).

3.1 History of Exploitation

The southern flounder also is a valuable recreational species on the G u lf coast where it is 
harvested mainly by hook and line as well as gigs (Reagan and Wingo 1985). Flounder gigging 
occurs mainly at night with fishermen wading in shallow water using a light to illuminate the bottom 
where fish are located and then gigged or speared. According to W arlen (1975) this technique has 
been used since the time o f  the ancient Greeks and Romans and could go back 10,000 years to a time 
when early man used spears for se lf protection, hunting, and fishing.

In North Carolina, there is a directed nearshore winter trawl fishery w hich mainly harvests 
summer flounder; landings o f  southern flounder generally comprise 1% or less o f  this fishery (Ross
1991). Pound nets were introduced in North Carolina in the early 1870's (W olff 1977) and are now 
utilized in an inshore fishery in which southern flounder predominates.
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dozen species o f flounder found in the G ulf o f M exico, most o f which are caught by commercial 
shrimp trawlers (Shipp 1986; Reagan and Wingo 1985). The majority o f  these flounder are southern 
flounder. Florida has a minimum size limit on flatfish o f  11", and Nall (1979) thought many were 
harvested before their first spawn. Texas has had a 12" minimum size lim it for flounder entering 
the commercial market for many years; as a result, most southern flounder sold are females because 
males seldom reach this length. In a study conducted by Stokes (1977) during 1974-75, 74% o f the 
Texas commercial flounder catch consisted o f female southern flounder in their second and third 
years o f life, 12" to 18" TL.

Flounder are also included in industrial bottomfish catches, although not a major component. 
Flounder are generally removed from these catches and sold separately, rather than leaving them in 
the groundfish catch which is sold as pet food or fish meal. Meal is normally used as a protein 
supplem ent in poultry feeds, or for crab bait. Christmas (1973) included southern flounder as an 
industrial bottomfish, and Roithmayr (1965) listed eight species o f flounder in the family Bothidae 
which enter industrial bottomfish catches in the northern G ulf o f M exico. They included the 
southern, ocellated (Ancylopsetta quadrocellata), Mexican (Cyclopsetta chittendeni), fringed 
(Etropus crossotus), shoal (Syacium gunteri), dusky (Syacium papillosum), and gulf flounder, as well 
as the spotted w hiff (Citharichthys macrops). The m ain industrial bottom fish in the northern G ulf 
o f  Mexico include croaker, spot, sand and silver seatrout (Cynoscion arenarius and C. nothus), 
cutlassfish (Trichiurus lepturus), sea catfish (Arius felis), and longspine porgy (Slenotomus 
caprinus). The overall catch also includes at least 170 additional species, o f  which southern flounder 
is not one o f the more im portant representatives.

From 1965 through 1984 the pounds and value o f flounder commercially landed in Louisiana 
were relatively stable. From 1985 through 1994, Louisiana led other G ulf states in both pounds and 
value (Table 16) as landings declined in Texas, Alabama, and the west coast o f Florida. The total 
pounds o f flounder landed in the G ulf states has remained relatively stable for the 30 year period 
from 1965 through 1994, but value has increased by 88%. Changes in other fisheries also affect 
flounder harvest, as evidenced by a sharp increase in flounder landings in Texas during 1982 (Table 
16) resulting from the prohibition o f red drum and spotted seatrout sales in 1981 (Johns 1990). 
Simultaneous increases also occurred in sheepshead {Archosargus probatocephalus), black drum, 
and snapper (Lutjanidae spp.) landings. By 1989, landings o f  flounder and sheepshead in Texas 
declined sharply; however, the combination o f  black drum, flounder, and snapper landings 
comprised 54% o f all fmfish landings and 61% o f  the total ex-vessel value for finfish.

3.2.1 Description o f Fishing Activities

Gear types (butterfly nets, shrimp trawls, gill nets, trammel nets, handlines, longlines, purse 
seines, and haul seines) used to harvest southern flounder in Louisiana waters are basically the same 
as those used to commercially harvest black drum, sand seatrout, spotted seatrout, shrimp, and many 
other marine species. Shrimp trawls and gill nets account for over 96% o f the commercial flounder 
harvest in Louisiana (Table 17). Although spears and/or spearing are normally associated with the 
harvest o f flounder, no commercial landings for flounder attributed to this method has been reported
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in Louisiana for many years. Only barbless spears can be legally used to com mercially or 
recreationally "gig" flounder in Louisiana waters. Historically, flounder were usually harvested 
commercially with spears, know n as "gigging", haul seines, trammel nets, gill nets, and to a lesser 
extent with shrimp trawls (Ginsburg 1952).

Pound nets are used to harvest southern flounder on the A tlantic coast, m ainly in North 
Carolina. This gear has been in use in N orth Carolina since at least the early 1870's (W olff 1977).

In South Carolina, m ost flounder landed commercially were taken as incidental catch in the 
shrim p trawl fishery (Sm ith 1981). Shrimp trawls are also the primary gear w hich harvest most 
commercially landed flounder in Louisiana. An average o f 77.2% o f flounder landed during the 10- 
year period from 1980 through 1989 were caught in shrimp trawls (Table 17). In a diel trawling 
study done in Vermilion Bay, Louisiana, Dugas (1975) found 89% o f southern flounder were caught 
at night. Based on a tank study conducted by Dugas (1975), they were m ore active at night, and as 
a result more vulnerable to trawling activity. Shrimp trawls used by Louisiana commercial 
fishermen are usually flat trawls, balloon trawls, or variations o f these trawl types with two to four 
seams. They are referred to as mongoose trawls, scorpion trawls, tongue or bib trawls, semi-balloon 
trawls, and twin trawls, and range in size from 16 to 70 feet in cork-line length. Flounder caught in 
shrimp trawls are normally part o f  the incidental catch and are usually not targeted by trawlers.

During the 10-year period from 1980 through 1989, gill nets and drift/runaround gill nets 
accounted for 19.3% o f  the Louisiana commercial flounder landings (Table 17).

Trammel nets are another popular gear used for harvesting com mercial species. They are 
usually fished during cooler months in inshore waters or along beaches when many o f  the less 
desirable species such as sea catfish and pinfish (Lagodon rhomboides) have moved out o f  these 
areas. Trammel nets consist o f  at least three layers o f  webbing attached to a single corkline and a 
single leadline. The inner layer is a smaller mesh size than the two outside webbings. As fish come 
into contact with the sm aller inside webbing it is forced through the larger meshed outside layers, 
forming a pocket in which the fish is entangled (Gresham 1963). Trammel nets are normally fished 
by one or two fishermen in small to moderate sized vessels up to 25 ft in length.

Handlines and longlines are normally fished in offshore waters. According to Gutherz et al. 
(1975), handlines are fished in waters from 20 - 39 fm near offshore oil platforms. Handlines 
employ a weighted cord with hooks spaced along its length and can be fished near the bottom  or at 
w hatever depth fish are encountered. They are usually operated by hand or with the use o f 
downriggers.

Longlines may be up to one or two miles long and have several floats and weights attached 
periodically and hooks along its length. This gear is used to fish waters o f  any depth to 
approxim ately 180 fm, depending on what species you wish to catch (Horst and Bankston 1987). 
M ethods o f rigging and fishing handlines and longlines vary extensively am ong fishermen. Only 
a small percentage o f com mercially harvested flounder are landed using these methods, however.
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Purse seines are used mainly in offshore waters to harvest large schools o f fish. This net is 
used to surround a school o f fish, and a purse line in the bottom o f the net is drawn in to close the 
bottom o f the net and prevent fish from escaping. Once the net is pursed and drawn down, the fish 
can be scooped out with large dip nets or pumped out mechanically. Purse seines are usually 
deployed from a large vessel o f over 100 ft in length, assisted by smaller boats. Schools o f  fish are 
normally located by spotter plane pilots and the vessels directed to their location. Purse seines are 
a relatively insignificant gear used in the commercial harvest o f flounder in Louisiana, as only 33 
pounds were reported landed by this gear during the 10-year period between 1980 through 1989 
(Table 17). Permits for use o f purse seines in inshore waters o f Louisiana have not been available 
since 1986.

Haul seines are another o f  the less important gear types used to commercially harvest 
flounder in Louisiana waters. They are used in inshore and near offshore waters to surround schools 
o f fish to be harvested, and were also used in conjunction with spotter planes. They are usually 
deployed from small to m edium sized boats and normally target species such as black drum and 
sheepshead (Luquet et al. 1996). Larger freight boats are sometimes used to haul catches to market. 
Seines used in Louisiana waters for the commercial harvest o f saltwater fish were limited to 1,200 
ft in length. This gear is now  prohibited in Louisiana waters, but may be used in the Exclusive 
Economic Zone (EEZ) if  legally licensed and permitted.

Butterfly nets, also known as wing nets or paupiers (Louisiana French), generally harvest 
flounder incidental to the targeted shrimp catch. However, butterfly nets have been used to target 
flounder on occasions when shrimp and other targeted species were less abundant and large flounder 
runs occurred, normally during the fall months o f October and November. Butterfly nets are used 
mainly in bayous, channels, and passes to harvest shrimp along with incidental species during 
periods o f strong falling tides and during declining temperatures and water levels. Butterfly nets are 
usually mounted on rectangular metal frames which form the mouth o f the net which tapers back to 
the tail or cod end (Capone, Jr. 1986). The nets can be mounted on stationary platforms, boats or 
barges, and fished by anchoring in the current during a falling tide or may be pushed through the 
water using the vessel's engines. These nets mainly fish the upper water column and usually work 
best at night, on tides associated with lunar cycles, during cold front passage, and in turbid waters. 
From 1980 through 1989, butterfly nets were reported as comprising an average o f 2.1%  o f the 
annual flounder harvest in Louisiana (Table 17).

Since 1988 a commercial gear license is required for flounder gigs and spears in Louisiana 
as well as other legal gear types not previously requiring a license. No resident commercial flounder 
gig licenses were sold in 1989, and a total o f only 34 were sold for the five-year period 1990-1994.

The number o f commercial licenses by gear sold to Louisiana commercial fishermen from 
1980 through 1994 is shown in Table 18. Although these figures only represent the num ber o f gear 
licenses sold to commercial fishermen, they indicate the amount o f commercial effort occurring in 
Louisiana waters for targeted species. The southern flounder is a tasty part o f  the incidental catch 
associated with many o f  these activities.
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3.2.2 Effort and Harvest

In Louisiana the m ajority o f  flounder landed commercially were harvested from  inshore 
waters seaward to three nautical miles from shore (Table 19). This is not unexpected, as most 
shrimp trawling occurs in state waters. Flounder landings in the G ulf o f  M exico have remained 
relatively stable after peaking in 1972, although the price per pound has increased significantly 
(Table 16). In 1916 approximately 214,000 pounds o f  flounder were landed in Louisiana and were 
sold at 8/20 per pound. In 1972, 501,800 pounds were sold at approximately 180 per pound. By 
1994, about 974,700 pounds valued at $1,278,000 were landed, averaging $1.31 per pound.

From 1965 through 1994 reported landings in Louisiana ranged from a  low o f  136,962 
pounds in 1981 to a high o f  974,700 pounds in 1994 (Table 16). The 30-year average commercial 
harvest for flounder was approximately 436,600 pounds, ranking Louisiana second among the five 
G u lf coast states. Alabam a reported the greatest mean poundage landed during this period, while 
Mississippi averaged the least. Landings recorded by the National Marine Fisheries Service (NMFS) 
w ere combined for all flounder species; according to Reagan and W ingo (1985) the southern 
flounder probably predominates the G ulf states' flounder landings. Swingle (1976) reported over 
95%  o f  the flounder harvested in Alabama were caught in shrimp trawls offshore w ith 4%  to 5% 
taken with fish gigs and spears and only a negligible amount with gill and tram m el nets.

In Louisiana m ost flounder are commercially landed during October, N ovem ber, and 
D ecem ber (Table 20). This is due to the flounder's habit o f moving into offshore areas as water 
tem peratures decline and spawning begins during the fall and winter. As flounder becom e more 
active during this time they becom e more susceptible to  being caught by shrimp trawls, gill nets, 
trammel nets, and butterfly nets. Catches by all these gear types increases significantly at this time 
(Table 21). Although catches peak during the fall, flounder composed a  m ajor component o f the 
bycatch kept and sold from  the commercial black drum gill net fishery in Louisiana during April, 
M ay, and June 1986 (Russell et al. 1986).

According to Stokes (1977) both the southern and gulf flounder are harvested commercially 
and recreationally in Texas waters, with southern flounder usually accounting for over 95%  o f the 
total catch. He advised that October and N ovember were generally the m onths o f  peak catch in 
channels and passes when flounder move offshore to spawn. Christmas and W aller (1973) also 
indicated the importance o f the southern flounder in Mississippi as a highly prized food fish sought 
by both commercial and sport fishermen and, due to its abundance in that area, dominating 
commercial and sport landings. Both M ississippi and Texas have reported com mercial harvest o f 
flounder by gigs. Southern flounder retained as bycatch in the Texas commercial shrimp trawl fleet 
ranged in size from 3.2" to 15.2" TL in samples taken during April-November 1978 (Matlock 1982). 
M atlock (1982) also found most o f the southern flounder caught by com mercial shrimp trawlers in 
Texas bays were juvenile fish. He estimated the mean catch rate for southern flounder at 5.3 ± 1.0 
fish/hour with no significant difference in the catch rate during the eight m onth sampling period. 
O f the ten species o f flatfishes caught, only southern flounder, bay w hiff (Citharichthys spilopterus).
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ocellated flounder, and blackcheek tonguefish (Symphurus plagiusa) were caught in all bay systems 
at least once during the sampling period with southern flounder occurring most often (78.7%  o f  the 
time).

Trammel nets have historically been used in Texas to monitor primarily five species o f fish: 
southern flounder, black drum, red drum, sheepshead, and spotted seatrout (Matlock 1985). During 
the period October 1977 through April 1980, a total o f 1,388 southern flounder ranging in size from 
105 mm (4.1") to 655 mm (25.8"), averaging 310 mm (12.2"), were caught (M atlock 1985).

According to Biro (1991), North Carolina led the Atlantic coast in flounder landings in 1990, 
with 4.5 million pounds o f  summer flounder and three million pounds o f  southern flounder. In 
contrast, the total commercial landings o f southern flounder in all five G u lf states during 1990 was 
only 715,700 pounds. She also indicated there is a growing demand by the Japanese for live 
southern flounder utilized as sushi. She reported commercial landings for summer flounder 
decreased by 40% and recreational landings for southern flounder decreased by almost 90% from 
1988 to 1989. She stated some federal officials as well as some fishermen claim that reduction in 
summer flounder catch was mainly due to overfishing because o f the high prices being paid for fish. 
According to Biro (1991), flounder are the third m ost valuable fish landed in North Carolina, 
following menhaden (Brevoortia tyrannus) and grey trout or weakfish (Cynoscion regalis). Epperly 
(1984) found some o f the gear types used to harvest southern flounder in N orth Carolina included 
pound nets, gill nets, crab trawls, haul seines, and to a lesser degree, winter trawls. Phalen et al. 
(1989), in a study comparing two trawls used for monitoring juvenile fish abundance in North 
Carolina, found that a heavily chained trawl caught southern flounder at a much greater rate than an 
unmodified net and that it also caught smaller individuals. They found that heavily chained trawls 
used over muddy substrates preferred by small southern flounder yielded much better juvenile 
indices than regular trawls. They did not discuss possible commercial use o f  this gear, however.

3.3 Recreational Fishery

Southern flounder are a very popular recreational species because o f  the quality o f  the flesh 
and the challenge o f  the activity. Being euryhaline, catches o f southern flounder are generally high 
along beaches and barrier islands, inshore lakes and bays, and even in some freshwater areas. Most 
o f  the major sport fishes caught in Louisiana waters are estuarine dependent, including the southern 
flounder (Wagner 1973). According to Adkins et al. (1990) southern flounder, along with the 
Atlantic croaker, black drum, sheepshead, hardhead catfish, red drum, spotted seatrout, and ladyfish 
(Elops saurus) were among the marine/estuarine species caught by anglers during a 1984 Louisiana 
creel survey o f recreational anglers. Primarily targeted species included spotted seatrout, red drum, 
mackerels, and snappers; seldom southern flounder. Less than 1% o f anglers interviewed expressed 
a preference for southern flounder as a targeted species. A 1993 survey indicated that they ranked 
third in angler preference when caught, following spotted seatrout and red drum, which ranked first 
and second respectively (Kelso et al. 1994).
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Southern flounder ranked ninth in percent composition o f the 81 total species caught by 
recreational anglers (Adkins et al. 1990). They were surpassed by red drum, hardhead catfish, 
spotted seatrout, "white" seatrout (combined C. arenahus and C. nothus\ Atlantic croaker, 
sheepshead, black drum, and largemouth bass (Micropterus salmoides). These species accounted 
for over 90% o f the catch. During the survey, southern flounder, when caught, were kept more than 
85% o f the time. Also, the peak catch o f flounder with rod and reel was recorded from September 
through November. Jackson and Timmer (1976) suggested October and N ovem ber were also the 
best months for flounder gigging. Duffy (1977), while discussing flounder gigging on Grand Isle, 
Louisiana, suggested that the peak flounder run may begin in June and last for four months w ith the 
best fishing in July, August, and September. Recreational and com mercial gig fishing in  N orth 
Carolina generally occurred from August through December depending on weather conditions 
(W olff 1977). According to Swingle (1976), 57% o f the total sport catch o f flounder from 1965-75 
in Alabama was taken by gigging in shallow bays at night.

In Texas, private boat fishermen catching southern flounder along with sand seatrout, 
Atlantic croaker, and red drum accounted for 45% o f  landings in bay systems (Maddux et al. 1989). 
A s in Louisiana, two good months for flounder gigging in Texas were October and Novem ber 
(Stokes 1977).

Experiments in Texas (Henderson 1972) dealt with distribution o f  this species in fresh water 
reservoirs as a benefit to recreational fishermen. These fish generally exhibited grow th and 
condition patterns at least equal to their counterparts in marine waters. They were found to be 
adaptable to this environment, and well received by the fishing public.

3.3.1 Description o f Fishing Activities

Most recreational fishermen harvest flounder with rods and reels or flounder gigs. In 
Louisiana, peak catches occurred during September, October, and Novem ber with an average size 
o f  345 mm (13.6") recorded (Adkins et al. 1990). A similar study in Barataria Bay, Louisiana 
revealed the most productive baits used included live bait, dead/cut bait and a com bination o f 
artificial and dead/cut baits (Guillory and Hutton 1990). Small artificial grubs are commonly fished 
near the bottom or jigged around pilings, bulkheads, piers, and rock jetties to catch flounder. Barrier 
islands are also highly productive areas for flounder. Small spoons and plastic jigs fished over 
shallow sandy bottoms catch flounder buried in sand waiting to ambush their prey. In a survey o f 
G eorgia's coastal recreational fishery, the principal bait used to catch southern flounder was live 
shrimp (72%) followed by live minnows (16%), dead shrimp (8%), and artificial lures (4%) (Music 
and Pafford 1984). The survey also found that fish were the most frequently found food item in 
southern flounder stomachs and that most flounder fishermen preferred live mummichogs and small 
mullet as bait. Usually, the most productive fishing times are during ebb tides, which drain shallow 
flats and force prey species through channels into the surf zone and along beaches.

Probably the m ost commonly used gear for flounder fishing is the gig. This fishing method 
usually involves wading in shallow waters along a sandy beach or shoreline o f  a bay at night using
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a light to find flounder and spearing them. Warlen (1975) gave a comprehensive description o f 
conditions and equipment necessary for a successful night o f flounder gigging. Tide, wind, moon 
phase, water clarity, and bottom type can all play an important role in the success o f  flounder 
gigging. Duffy (1977) reported some fishermen believed the moon had little effect on flounder; it 
merely made moving about on the mud flats easier. Many fishermen disagree and believe a dark 
moon phase is best because flounder appear to be light adapted on moonlit nights and seem to swim 
about more and readily avoid approaching fishermen.

Historic light sources include pine knots which were eventually replaced by torches 
consisting o f a burner on the end o f a pipe protruding a few feet beyond the bow  o f a  flat-bottomed 
sk iff containing a kerosene tank for fuel (Hildebrand and Cable 1930). Following this, Coleman 
lanterns or similar light sources were most often utilized, and remain very popular. They now share 
usage with portable lights generally powered by a six or 12 volt battery and a 50 to 100 watt bulb. 
Electric lanterns and flashlights which are too powerful emit a concentrated beam and cause 
reflection, as opposed to an equally distributed source o f light which is more desirable for spotting 
flounder. A t best, flounder are difficult to see while buried in the sandy mud bottom because o f 
their camouflage coloration (Duffy 1977).

Flounder gigs range from a simple saw ed-off mop handle with a sharpened nail in the end 
to an aluminum or steel rod sharpened at one end for stabbing the flounder. Often, a hole drilled at 
the opposite end allows attaching a stringer. The flounder can then be slid along the pole onto the 
string, minimizing loss. Although barbless gigs are required in Louisiana, other states allow the use 
o f  single or multi-pronged gigs which have barbs; multi-pronged gigs may cause more damage to 
fish but insure a better chance o f  catching your prey. Other vital equipment includes an old pair o f 
tennis shoes or boots for walking over shells and bottom debris. Additionally, good eyesight to 
notice stingrays frequenting the same waterbottoms as flounder is necessary, as this fish can inflict 
a painful wound if  encountered. A successful night o f flounder gigging can produce 25 to 100 fish 
or more, especially during late summer to early fall (Duffy 1977).

3.3.2 Effort and Harvest

Texas and Louisiana have historically yielded the majority o f southern flounder landed by 
marine recreational fishermen in the G ulf o f Mexico. Southern and gu lf flounders dominate the 
marine recreational catch o f  flounder in the G ulf o f Mexico. Recreational landings o f  southern 
flounder and G ulf flounder are surpassed by the harvest o f other flounder such as the summer and 
w inter flounders (Pseudopleuronectes americanus) on the middle and north Atlantic coasts. 
Extensive recreational fisheries for these species occur in those regions (Table 22). Spotted.seatrout 
and red drum are generally the most frequently targeted species in the G ulf o f  M exico and, with 
higher species diversity available in this region, the southern flounder is not a dominant resource as 
are summer and winter flounders on the Atlantic coast.

The majority o f all flounder landed in the G ulf region are harvested from inland waters and 
within three miles o f the shoreline (Table 19). In Louisiana, the majority o f southern flounder were
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harvested from marsh and lake/bay areas: average sizes taken in those areas w ere 340 m m  (13.4") 
and 363 mm (14.3"), respectively, with little variation in size on a monthly basis (Adkins et al. 
1990). Recreational saltwater angling in Louisiana has steadily increased over the ten-year period 
from 1984-85 through 1993-94 as reflected in numbers o f licenses sold (Table 23). There was a 62% 
increase in the number o f  resident recreational saltwater licenses sold during this period. The 
Louisiana Outdoor W riters Association official fish records for fresh and saltwater gam e fish in 
Louisiana lists a 12 pound 2 ounce record in the southern flounder category caught in February 1969 
by Mr. Clarence Craig. The International Game Fish Association all-tackle w orld record southern 
flounder as o f 1990 weighed 20 pounds 9 ounces and was caught by Larenza W. M ungin on 
Decem ber 23 1983 at Nassau Sound, Florida (Harry 1990).

3.4 Mariculture

Various researchers studied southern flounder under laboratory conditions; Lasswell et al. 
(1978) successfully induced spawning o f southern flounder by utilizing carp pituitary hormone. 
Arnold et al. (1977) regulated photoperiod and temperature to simulate seasonal variations which 
induced adult southern flounder to spawn (Table 5). Deubler (1960) experim ented with the effects 
o f  salinity on growth o f  postlarval southern flounder. White and Stickney (1973) and Stickney and 
W hite (1974b) described some problems associated with flatfish rearing.

Since southern flounder adapt physiologically to salinity both seasonally and with age, rapid 
growth in an aquaculture operation could be expected if  the proper salinity regim es were adjusted 
to meet optimum requirements (Stickney and W hite 1974a). They suggested postlarvae should be 
maintained at 25-30 ppt until they attained a weight o f  approximately 100 mg, then transferred to 
salinities o f 5-15 ppt. M ortality did occur, but was not associated w ith any particular salinity 
although generally higher rates at higher salinities were recorded. White and Stickney (1973) stated 
flounder should be maintained at salinities o f 5-20 ppt and a constant temperature o f  approximately 
25 C to provide rapid growth. The rearing site should also be free o f  pollutants. Lasswell et al. 
(1977) noted newly metamorphosed southern flounder acclimated from seawater to freshwater with 
no mortality, and exhibited rapid growth after stocking in fresh water. They concluded survival o f 
this species in freshwater reservoirs should be high. Henderson (1972) considered southern flounder 
a  hardy species for freshwater stockings and introduced fingerlings into freshwater reservoirs. 
Recaptured fish exhibited growth equal to or exceeding that recorded in coastal waters.

In lab studies, Lasswell et al. (1977) noted low fecundity and a low percentage o f fertilization 
and hatching success, and did not recommend this species for mass culture, w hile Arnold et al. 
(1977) proved southern flounder could be successfully raised and maintained to fingerling size under 
laboratory conditions.

W hite and Stickney (1973) indicated the presence o f a hierarchal structure in flatfish 
populations in early life. Hatchlings became dominant, maybe outcompeting smaller fish for a 
sufficient amount o f food even at low stocking densities. They suggested food (and its presentation)
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and disease control as the two areas o f major concern to all larval fish development. Decay o f  food 
remnants could promote bacterial and ammonia accumulation; being sight feeders, flounder must 
be trained to accept non-living food. Feeding o f  live brine shrimp (Artemia salina) to postlarvae and 
larvae could alleviate some o f  these problems. In preliminary aquaculture studies Stickney and 
W hite (1974b) described the presence of the viral disease "lymphocystis". Although not often fatal, 
the presence o f whitish nodules on fins and body could reduce the individuals' marketability. This 
problem was seemingly solved by use o f secondary tank filters and soft ultraviolet light sterilization. 
A nother condition common to fish reared in fiberglass tanks lacking natural substrate was 
ambicoloration. This condition could also affect marketability.
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4.0 E C O N O M IC S

4.1 Economics of the Commercial Southern Flounder Fishery

An economic analysis o f  a commercial fishery involves dockside values, although dockside 
prices will not measure the total benefit o f the fishery to society. Commercial fishermen may accept 
low er financial returns and m ore uncertain benefits to remain within their occupation. There may 
be other non-monetary values the fisherman receives, such as more freedom , aesthetic settings, 
w ildlife seen while fishing, working outdoors, and so forth; dockside value will not com pletely 
capture this value.

The total benefit to consumers o f  southern flounder is greater than a  dockside price. Total 
benefits include the dockside price, any value added, and the willingness o f  some consumers to pay 
m ore than the market price. Value added is any processing or preparation o f  the fish. Some 
consumers would be willing to pay more for flounder than the market price because they derive more 
satisfaction from its consumption. Total benefits to the Louisiana economy w ould include all these 
items.

Dockside values are useful in trend analysis o f  the fishery. Econom ic data associated with 
Louisiana's commercial landings o f  southern flounder for 1980-96 is contained in Table 24. 
Landings have increased from slightly over 160,000 pounds in 1980 to over 974,000 pounds in 1994. 
Further, price per pound has increased from $0.53 per pound in 1980 to $1.31 in 1994. The value 
o f  the southern flounder fishery in Louisiana was over one million dollars in 1994. Since 1994 
landings had decreased substantially due to recent changes in regulations that eliminated some 
commercial gears and limited the number o f flounder a commercial fisherman can possess.

Information on annual landings, prices, and total value are shown graphically in Figures 15- 
17. The two graphs showing landings compare price trends, nominal and real. The effect o f 
inflation on prices is removed by adjusting price by the consumer price index (base period o f  1982- 
1984). Since 1980, the real price per pound for southern flounder has been steadily increasing.

As evident, the southern flounder fishery commands a relatively low percentage o f  the total 
value o f Louisiana's commercial seafood industry. Since this fishery comprises a single component 
o f  Louisiana's commercial fishing sector, it is important to identify the change in commercial 
harvesting revenues that w ould be associated with a  decline in com mercial catches o f  southern 
flounder. Overall industry revenues may not decline proportionately with declining landings because 
commercial fishermen can often redirect efforts to other species. Thunberg et al. (1991) concluded 
that restrictions on red drum harvest led to only a moderate decline in revenues from Florida's 
nearshore fishery because fishermen were able to redirect efforts to other nearshore species. They 
also found the ability to switch to other species was geographically dependent. Caution should be 
exercised when applying these results to Louisiana. Furthermore, ability to  redirect commercial 
effort will become increasingly limited as additional restrictions are placed on more species.
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4.2 Economics of the Southern Flounder Recreational Fishery

Recreational fishing is a highly diverse activity and has economic value. Participants are 
seeking a recreational experience and are willing to pay more for this activity than it actually costs 
them. Households actually "produce" recreational trips by allocating their time, buying market 
services, and combining these with publicly provided natural resources (M cConnell and Strand 
1994). The value o f recreational fishing is variable across individuals and trips. It will depend on 
many conditions—the quality o f  fishing, the weather, the skill o f  the angler, etc.

There are two kinds o f economic value for recreational fishing, one being the access value 
to a resource. Access pertains both to the overall opportunity for fishing and to the opportunity for 
fishing in specific locations. The value o f  access is what anglers would pay rather than do without 
or the amount they would accept in compensation for their loss o f access. The second kind o f 
economic value is the value o f  catching an additional fish. This is the am ount an angler is willing 
to pay to catch more fish, larger fish, or more desirable fish. This am ount will depend on many 
things, such as species sought, the time when fishing takes place, mode o f  fishing, weather, and 
environmental conditions.

Estimation o f  the value o f  a recreational fishery such as flounder involves the measure o f 
species specific effort and expenses incurred. There have been several studies made to collect total 
num bers o f recreational fishermen, percentage o f  fishermen targeting various species, average 
number o f fishing trips per year, and expenditures per trip. Data from those studies have been highly 
variable among studies, even over the same time period. Conclusions drawn from those studies 
should therefore be viewed with caution.

Recreational fishing effort depends primarily upon the number o f fishermen and num ber o f 
trips per fisherman. Individual fishing effort is largely a function o f expenses incurred in the activity 
and perceived benefits received from the activity. As costs rise and benefits remain the same, effort 
tends to decrease. Costs can increase through increased spending, in relation to other leisure 
activities, or as a fraction o f disposable income. Anglers can receive both tangible and intangible 
benefits from fishing activities. Tangible benefits include the number or quality o f  fish caught. 
Intangible benefits can be enjoyment o f the outdoors, change in routine, and companionship.

Fishing effort will continue as long as economic costs are not greater than angling 
satisfaction (or what economists call utility). Fishing net benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at favored locations, degradation o f 
aesthetic value o f trips, or from increased fishing costs.

Direct expenditures per trip for marine recreational anglers in Louisiana were estimated at 
$53 (Kelso et al. 1992), $64 (Bertrand 1984), $75 (Kelso et al. 1991), and $133 (Titre et al. 1988). 
D irect expenditures include spending for automotive and boat fuel, lodging, food and drinks, ice, 
boat launch fee, bait, and other expenses directly related to the trip. In addition to trip expenditures, 
anglers purchase equipment (boats, motors, trailers, vehicles) and specialty gear. This equipment
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is used for more than one trip and even over several years, and their cost needs to be allocated over 
tim e. Published annual estimates o f these expenses vary widely depending on what is included: 
$800 (U. S. Fish and W ildlife Service 1997), $698 (U. S. Fish and W ildlife Service 1993), $824 
(Kelso etal. 1991), and $1108 (Kelso et al. 1992).

Bertrand (1984) estim ated total annual expenditures by saltwater anglers in Louisiana as
180.6 million dollars. Estimates can also be calculated from other surveys. From  a 1985 survey, 
the U .S . Fish and W ildlife Service (1988) estimated that state residents spent a total o f  $197 
m illion dollars on saltwater fishing expenses, including equipment and trip-related expenses. 
Nonresident anglers spent an estimated $37.6 million in trip-related expenses in Louisiana. From  
the next survey in 1991, the U .S. Fish and W ildlife Service (1993) estim ated expenditures o f 
158.8 million dollars by state residents on saltwater angling. As in the 1985 U .S. F ish and 
Wildlife survey, expenditures o f nonresident anglers were not broken out by fresh and saltwater 
expenditures. However, from  the 1991 survey data, the Sport fishing Institute estimated that 
expenditures of saltwater anglers in Louisiana total $183.3 million (Fedler et al. 1993). The 1996 
U .S . Fish and W ildlife survey reported total (fresh and saltwater) angler trip and equipment 
expenditures in Louisiana to be 4824.3 million, 9.2% from non-resident anglers. From  the 1996 
survey data, the American Sportfishing Association (Maharaj and Carpenter 1998) estimated that 
expenditures o f saltwater anglers in Louisiana totaled $205.4 million.

Direct expenditures for the fishing trip may be less than the angler would be willing to pay 
fo r the whole experience. The difference between the costs o f the trip and what the angler is 
willing to pay is called consum er's surplus. This is the difference between the maximum amount 
an angler would be willing to pay and what he/she actually paid fro the activity. Titre et al. (1988) 
found that the average recreational user would be willing to pay approxim ately $193 to $394 
annually for the right to recreate in Louisiana wetlands under certain conditions o f harvest, catch, 
and amenity situations.
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5.0 R E SE A R C H  NEEDS

Research needs regarding southern flounder life history generally can be divided into two 
m ajor categories: inshore and offshore aspects. Because o f the life cycle, sexual maturity, 
spawning, and early life history are dependent upon, and accomplished in, offshore areas. Research 
should be undertaken relative to required spawning habitat, physiological requirements o f  the 
animal, fecundity, larval transport mechanisms, and early life history specifics such as food 
requirements.

Because inshore waters are utilized for late larval, juvenile, and subadult stages, research 
should be undertaken on food requirements, effects o f loss o f habitat due to coastal erosion, 
subsidence, and associated factors. Possible effects o f an increased fishery on subsequent 
populations should also be investigated. Weight and/or length limits, seasons, and market conditions 
should be investigated for possible management implications.
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Distribution. Ginsburg (1952a: 325) reported the range of 
Para1ichthvs albioutta from Cape Lookout, North Carolina to Corpus 
Christ! Pass, Texas. Subsequent records by Hildebrand (1954:292) 
from off Padre Island, Texas, and Simmons (1957:187), who found it 
"fairly common" in the upper Laguna Madre, extend its range in the 
western Gulf.

AUTHORITIES CITED

Gunter & Hall 1965:51

Poole 1962:112

D>L>A
(18,20)Springer & Woodburn, 1960:86 

Struhsaker, 1969:275 
Tabb & Manning, 1961:639

D>L> A

0>L>A

D>L>A

D>L>A

Figure 2 - Relative abundance of three commercially important 
species of Paralichthvs along the eastern and Gulf coasts 
of the United States. Numbers in parentheses refer to 
authorities cited. D = Paralichthvs dentatus, L = £. 
lethcsticma, A = P. albioutta.

Source: Topp and Hoff (1972)
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* i g u r e  6 . Schematic of life cycle of Pa-ralichthys lethostiqma (southern 
flounder).

MarineEstuarine

SPAWNING 
MIGRATION 
(Oct -  Nov)

-SPA W N IN G
(No-# — Jen)

LARVAE ANO

• • •  " v

Source: Ward et al. (1980)
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•'igure 3 Conceptual model for Paralichthvs spp. larval retention mechanise 
based on response to photoperiod and tide.

PARAUCHTHYS SPP.

DAY NIGHT

BfiFACE

m # :
S j t t o m  »•••»

SURFACE

N£T NON-riOAL PLOW 
(UPPER UATESI

A end/or 9

v::V

<  1 :V:.< 1  .

BOTTOM J

X LEVEL OP n o  NET MQ71QM

/  A* and/or 8* A

J  \___ viTr* T eou"0*»T y
DOW NSTREAM UPSTREAM  MET NON-TlOAL PLOW DOWNSTREAM 

(LOWER LATER!
UPSTREAM

A -  TIDAL RESPONSE (MOVEMENT TOWARD BOTTOM ON EBB)

A' -  TIDAL RESPONSE (MOVEMENT TOWARD SURFACE ON FLOOD)

B -  PHOTOPERIOO RESPONSE (BOTTOM ORIENTATION DURING OAT) 

B' -  PHOTOPERIOO RESPONSE (SURFACE ORIENTATION AT NIGHT)

Source: Taken in part from Weinstein et al. (1980)
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Figure 9. Theoretical growth curve compared to back-calculated lengths' ar. 
means, ranges and ± i standard deviation of the lengths c 
Paralichthvs lethosticrma at capture. Vertical line represents th 
size range, horizontal line the mean, and the hollow bar ± 1 standar 
deviation.
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Table 1. Standard l e n g t h  and m e r i s t i c  d a t a  f o r  p o s t l a r v a e  o f  P a r a l i c h t h v s  d e n t a t u s , l e t h o s t i a m a . and 
a l b i a u t t a  c o l l e c t e d  i n  North Ca ro l in a  from December 1955 t o  A p r i l  1956 and December 1956 to 
A pr i l  1957.

S tandard  Length Taken t o  th e  Neares t  M i l l i m e te r
S pec ies

7 8 9 10 11 12 13 14 15 16 N M

d e n t a t u s _ _ 2 6 15 25 18 • 18 5 _ 89 12.4
le th o s t i g m a - - 39 105 59 8 1 - 1 217 ’ 10.2
a l b i g u t t a 5 35 30 1 71 8.4

Dorsal  Rays

72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 <31 92 93 94 N M

d e n t a t u s  — - -  — - -  — — — — — l  2 — 2 5 8 8 9 B 15 14 9- 2 4 87 89.0
le t h o s t i g m a  ----------------------- — 2 1 3 6 11 15 25 27 38 24 25 19 28 12 14 3 2 255 86.7
a l b i g u t t a  2 1 3 4 9 6 10 3 6 3 2 — ------------------------------------------------------  49 77.3

Anal Rays

53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 N M

d e n t a t u s  -------------------— ------------- 1 — 2 6 2 8 9 14 15 10 8 4 3 2 84 68.4
l e t h o s t i g m a  — - -  — - -  — — — — — — 4 18 19 39 61 39 36 20 26 8 1 2 281 67.8
a l b i g u t t a  1 3 3 6 10 7 16 5 10 3 i  — — - -  — — — - -  65 58.4

Thora c i c  Ve r t e b ra e Caudal Ve r t e b ra e

9 10 11 12 N M 26 27 28 29 30 31 N M

d e n t a t u s _ 1 46 1 48 11.0 1 32 15 48 30.3
le t h o s t i g m a 1 37 1 39 10.0 1 34 3 1 - -  - -  39 27.1
a l b i g u t t a 1 21 25 10.0 1 17 7 25 27.2

T ot a l Ve r t e b ra e G i l l Rakers on Outer  Arch

36 37 38 39 40 41 42 N M 0 1 2 3 4 5 6 7 8 9 10 11 12 13 N M

d e n t a t u s  ------------------  1 32 15 48 41.3 6 - 1 - 2 - 2 2 3 2 1 1 1 1  22 5 .6
le t h o s t i g m a  — 35 4 -------------------  39 37.1 -  - -  - 2 4  11 7 4 - - - -  -  28 6.2
a l b i g u t t a  1 18 6 -------------------  25 37.2 8 2 - 3 1 1 1 - - - - - -  -  16 1. 6

Source:  Deubler  (1958)



T a b l e  2 . Characteristics for separating southern flounder, gulf flounder, and 
summer flounder.

Southern Flounder Gulf Flounder Summer Flounder

Lower gill rakers 8-12 . 8-12 11-19

Dorsal fin rays 81-94 75-82 85-92

Anal fin rays 64-71 57-63 64-72

Vertebrae 36-38 36-38 41-42

Lateral-line scales

Right side 63-77 58-66 68-87

Left side 56-65 44-57 61-73

Source: Woolcot et al. (1968)
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T a b l e  4 . Number of eggs released by captive southern flounder, Perry R. Bass 
Marine Fisheries Research Station, Palacios, Texas. Tank conditions 
were 18°C and 9-h light: 15-h dark photoperiod except for the period 
from 7 Jan - 25 March 1985 when photoperiod was reduced to 4-h light 
daily.

1984-85 Spawning Season 1985-86 Spawning Season

Date No. Eggs Date No . Eggs

18 Dec 1984 ND 08 Dec 1985 5, 000
19 Dec 1984 ND 13 Dec 1985 3,200
26 Dec 1984 ND 17 Dec 1985 2, 900
31 Dec 1984 ND 18 Dec 1985 2, 400
02 Jan 1985 ND 24 Dec 1985 1, 400
03 Jan 1985 ND 30 dec 1985 66
08 Jan 1985 1, 900 31 Dec 1985 6, 900
09 Jan 1985 6, 200 01 Jan 1986 4,000
10 Jan 1985 3, 100 02 Jan 1986 1,000
17 Jan 1985 3, 100 06 Jan 1986 18,800
18 Jan 1985 18,100 07 Jan 1986 28,900

10 Jan 1986 1,500
11 Jan 1986 4,800
13 Jan 1986 9,500
17 Jan 1986 6, 100
24 Jan 1986 6, 100
26 Jan 1986 1, 600
29 Jan 1986 4,700
30 Jan 1986 2, 800
31 Jan 1986 20,500
01 Feb 1986 1, 900
07 Feb 1986 3, 200
09 Feb 1986 3, 500
13 Feb 1986 28,400

ND = Not Determined

Source: Henderson-Arzapalo et al. {1988)



Table 5. Photo per iod  and t empe ra tu re  r egimes used t o  induce spawning o f  s o u t h e r n  f lou nd er  
i n  a 29.92 k l  spawning t ank,  August  1976 through Ja nua ry  1977.

Month
Phof.oneriod
Ligh t

(hrs)
Dark

• Mean 
Temp 
(°C)

Temp
Range

(°C)
Lab

Season

August IS 9 26.5 2 6 .0 -27 .0 s p r i n g

September 12 12 26.5 2 5 .5 -27 .5 summer

October 12 12 22.8 2 0 .7 -25 .0 . l a t e  summer

November 9 15 17.7 1 6 . 0 -1 9 . 5 f a l l

December8 9 15 17.0 1 6 .5 -17 .5 f a l l

January6 9 15 17.0 1 6 .5 -17 .5 f a l l

“F i r s t  spawn 12/21/76 
bL as t  spawn 1/3/77

Source:  Arnold e t  a l . (1977)



Table 6. Sex r a t i o  f o r  so u th e rn  f l o u n d e r  i n  SO mm l e n g th  groups  c o l l e c t e d  i n  the  
c o a s t a l  w a t e r s  o f  Glynn County,  Georgia  from Ja nu ary  1979 th rough June  1982.

Length Group (mm)
Sex Ratio/Number  i n  Samples 

( female :tnale)

1-50 - - -  (-)

51-100 :---- (- )

101-150 1 :0  (1)

151-200 1 :0  (2)

201-250 3 :1  (11)

251-300 3 . 3 : 1  (26)

301-350 26:1 (27)

351-400 16:1 (17)

401-450 1:0 (7)

451-500 1:0 (10)

501-550 1:0 (6)

551-600 1 :0  (3)

601-650 1:0 (3)

651-700 1:0 (2)

701-750 - - -  (-)

751-800 - - -  (-)

COMBINED 9 . 5 :1  (116)

Source: Music and Pafford (1984)
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Table 9. Mean o b se rv e d  t o t a l  l e n g t h  (OBS TL) w i th  sample s i z e  ( n ) , s t a n d a r d  d e v i a t i o n  (sd) , 
and p r e d i c t e d  von B e r t a l a n f f y  t o t a l  l e n g th  (VB TL) f o r  each sex  o f  sou the rn  
f l o u n d e r  by y e a r l y  q u a r t e r s ;  u n i t s  a r e  mm.

Age

Mai e s Females

VB TLn sd OBS TL VB TL n sd OBS TL

0.375 10 13 139 155 14 20 138 151

0.625 71 30 180 176 166 31 194 186

0.875 50 36 209 197 89 40 218 218

1.125 21 45 201 216 21 43 222 249

1.375 74 3 9 219 234 74 48 265 278

1.625 115 23 251 251 89 43 296 305

1.875 117 23 271 267 74 51 320 331

2.125 15 21 378 282 7 42 346 356

2.375 18 30 399 296 65 52 404 379

2.625 47 37 322 309 56 50 427 400

2.875 28 31 316 321 56 56 409 421

3.125 0 333 4 17 452 440

3.375 4 46 310 344 21 52 488 458

3.625 3 50 328 354 18 48 448 475

3.875 10 71 464 491

4.125 2 62 564 507

4.375 0 521

4.625 5 73 520 535

4.875 2 229 493 547

5.125 0 559

5.375 1 572 571

5.625 4 37 546 582

5.875 1 571 592

7.125 1 703 634

Source: Wenner et al. (1990)



Table 10. Mean ob se rved  weigh t  (OBS WT) i n  g, and t o t a l  l e n g t h  (OBS TL) i n  mm, and p r e d i c t e d  
von B e r t a l a n f f y  t o t a l  l e n g th  (VB TL) i n  mm f o r  each sex  o f  so u th e r n  f l o u n d e r  by age 
in  y e a r s .

Males Femalpr

OBS TL VB TLAge n OBS WT n OBS TL VB TL n OBS WT n

1 320 180 327 248 206 251 296 258 288 234

2 99 350 108 310 274 173 869 184 410 344

3 7 335 7 316 327 49 1258 53 467 431

4 9 1908 9 524 499

5 6 2014 6 554 554

6 0 0 597

7 1 5000 1 703 630

Table 10. E s t im a t e s o f von B e r t a l a n f f y  pa r am ete r s which d e s c r i b e th e  growth o f each sex of
so u th e rn  f lounder ,-  CL = 95% conf ide nce  l i m i t s .

Asymptot ic Asvmnhoti r CT.

Sex Parameter Es t imate s t d  e r r lower upper

Male L00 518 80.772 360 677

K 0.2458 0.0739 0.1007 0.3910

to -1.0664 0.2097 -1.4782 -0.6546

Female L«» 759 51.385 658 860

K 0.2346 0.0288 0.1781 0.2912

to -0.5702 0.0715 -0.7105 -0.4299

S o u r c e : Wenner et al. (1990)



T a b l e  11 . Total length (TL)-weight (W) and total length-standard length (SL) 
relationships for male and female southern flounder, P a r a l i c h t h y s  
l e t h o s t i g m a , and for males, females, unsexed, and undifferentiated specimens 
combined. TL and SL are in mm; W is in g; I = unsexed and undifferentiated 
specimens. LS = least squares; F = geometric mean functional regression. 
Logs are base 10.

Variables Type Sex n Equations r2 Range
TL-W LS M . 675 Log W = 3.17(Log TL) - 5.38 0.984 110-476

14-1206
mm
9

TL-W F M 675 Log W = 3.20(Log TL) - 5.45

TL-W LS F 926 Log W = 3.15(Log TL) - 5.33 0.995 106-703
10-5000

mm
9

TL-W F F 926 Log W = 3.16(Log TL) - 5.34

TL-W LS m ,f ,i 1753 Log W = 3.13(Log TL) - 5.28 0.994 58-710
2-5284

mm
9

TL-W F M,F, I 1753 Log W = 3.14(Log TL) - 5.31

TL-SL LS M 655 TL = 1.19(SL) + 6.95 0.991 110-476
TL

mm

TL-SL F M 655 TL = 1 . 2 0 { S L )  + 4 .82

TL-SL LS F 885 TL = 1.18(SL) + 9.09 0.997 106-703
TL

mm

TL-SL F F 885 TL = 1.18(SL) + 8.45

TL-SL LS m ,f ,i 1737 TL = 1.19{SL) + 6.12 0.997 13-710
TL

mm

TL-SL F M,F, I 1737 TL = 1.19(SL) + 5. 93

Source: Manner et al. (1990)
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Table 19. Yearly commercial landings of flounders by distance from shore, Louisiana, 1973-1989.

I n s h o re  t o  th r e e n a u t i c a l  m i l e s  from shore

Year Pounds Value ($)

1973 114,013 28,747
1974 137,085 33,176
1975 83,916 25,844
1976 163,944 52,338
1977 197,337 69,389
1978 162,950 69,998
1979 105,611 47,968
1980 98,706 49,236
1981 78,251 52,288
1982 134,060 72,518
1983 163,245 93,283
1984 193,174 129,790
1985 395,295 232,322
1986 753,117 528,270
1987 630,359 664,257
1988 466,829 437,248
1989 441,571 448,259
Tota l = 4 ,519 ,463 Avg/Year = 265,851

Three n a u t i c a l  m i l e s  t o  12 n a u t i c a l  mi les from shore

Year Pounds Value ($)

1973 88,654 14,373
1974 156,968 27,516
1975 149,059 34,812
1976 162,322 43,922
1977 93,354 32,429
1978 139,065 51,346
1979 69,745 38,142
1980 55,073 30,306
1981 51,009 31,497
1982 46,218 23,627
1983 10,897 7,826
1984 52,568 27,609
1985 52,067 38,279
1986 21,437 13,821
1987 63,631 53,139
1988 14,387 11,937
1989 3,507 2,840
T ota l = 1,270 ,161 Avg/Year = 74,715

Twelve• n a u t i c a l  m i l e s  and o r e a t e r  from shore

Year Pounds Value ($)

1973 78,510 12,405
1974 21,291 3,899
1975 9, 263 1, 689
1976 1,005 ' 227
1977 1,830 643
1978 3, 921 1,486
1979 19 5
1980 7,180 5,321
1981 7,702 3,864
1982 19,464 7,865
1983 102,009 61,346
1984 107,521 61,107
1985 82,587 65,506
1986 50,480 34,233
1987 24,086 20,382
1988 29,069 19,985
1989 46,969 38,887
T ot a l = 592,906 Avg/Year = 34,877

Source: NMFS Landings Data,  Lou i s i ana
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T a b l e  2 2 . E s t i m a t e d  n u m b e r  o f  f i s h  c a u g h t  ( t h o u s a n d s )  b y  m a r i n e  r e c r e a t i o n a l  f i s h e r m e n  i n  1 9 9 4  f o r  s e l e c t e d  

s p e c i e s  b y  s u b r e g i o n ,  s t a t e ,  a n d  a r e a  f i s h e d  ( G u l f  S u b r e g i o n ) .

S U B R E G I O N

N o r t h M i d d l e S o u t h G u l f  o f A l l

S p e c i e s A t l a n t i c A t l a n t i c A t l a n t i c M e x i c o S u b r e g i o n s

S u m m e r  F l o u n d e r 1 , 0 1 6 1 6 , 1 8 4 4 0 7 * 1 7 , 6 0 7

G u l f  F l o u n d e r * * - 7  6 8 7 6 9
S o u t h e r n  F l o u n d e r * * 8 2 8 5 3 6 1 , 3 6 4

W i n t e r  F l o u n d e r 4 8 5 1 , 7 9 7 * 2 , 2 8 2

F l o u n d e r s ,  O t h e r 6 7 2 3 7 1 ,  6 9 1 1 9 0 2 , 1 8 5

S T A T E

( G u l f  S u b r e g i o n )

S p e c i e s F l a A l a M i s s L a T o t a l s

G u l f  F l o u n d e r 7 5 2 7 6 8

S o u t h e r n  F l o u n d e r 3 1 5 5 1 1 8 3 3 2 5 3 6

F l o u n d e r s ,  O t h e r 1 2 4
"

. 3 5 1 8 9

A R E A  F I S H E D  

( G u l f  S u b r e g i o n )

S p e c i e s

O c e a n  

3  M i l e s  

o r  L e s s

O c e a n  

M o r e  T h a n  

3  M i l e s

O c e a n  

1 0  M i l e s  

o r  L e s s  O v e r

O c e a n  

1 0  M i l e s I n l a n d

A l l

A r e a s

G u l f  F l o u n d e r 1 3 _ 6 1 2 6 9 2 7  6 8

S o u t h e r n  F l o u n d e r 7 1 7 7 1 4 5 0 5 3 6

F l o u n d e r s ,  O t h e r 1 0 5 7 6 1 1 6 1 8 9

N o t e :  A n  a s t e r i k  ( * )  d e n o t e s  n o n e  r e p o r t e d .

N o t e :  A  d a s h  ( - )  d e n o t e s  l e s s  t h a n  3 0  t h o u s a n d  r e p o r t e d .  H o w e v e r  t h e  f i g u r e  i s  i n c l u d e d  i n  t h e  r o w  a n d  c o l u m n

t o t a l s .

N o t e :  " O c e a n  1 0  M i l e s  o r  L e s s "  a n d  " O c e a n  O v e r  1 0  M i l e s "  r e f e r s  o n l y  t o  t h e  F l o r i d a  G u l f  c o a s t  w h e r e  s t a t e

j u r i s d i c t i o n  e x t e n d s  t o  t h r e e  m a r i n e  l e a g u e s ,  a p p r o x i m a t e l y  1 0  n a u t i c a l  m i l e s .

S o u r c e : U .  S .  D e p a r t m e n t  o f  C o m m e r c e ,  M R F S S ,  1 9 9 4 .



T a b l e  2 3 . Resident recreational saltwater angler licenses issued, 1984-1994, 
Louisiana. 1984-85 through 1986-87 seasons include both resident 
and non-resident licenses, as these categories were not separated 
until the 1987-88 season.

Season Number Sold

1984-85 102, 125

1985-86 169,149

1986-87 198,852

1987-88 195,099

1988-89 204,686

1989-90 208,292

1990-91 206,088

1991-92 229,805

1992-93 245,952

1993-94 265,759

1994-95 280,360

1995-96 296,959

1996-97 270,940

Source: Personal Communication, Joann Newchurch, LDWF License
Section
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1.0 INTRODUCTION

Striped mullet w ere not targeted commercially in Louisiana until the mid 1970’s. An 
abundance o f more desirable species o f fish in Louisiana waters has served to limit the expansion 
o f  the striped mullet food fishery. Recent creel surveys and historical inform ation indicate that 
striped mullet are seldom used by the recreational fishery except as a bait species.

The average annual landings o f mullet from 1978-1994 was 3,494,296 pounds (1,572,433 
kg). This was a significant increase over landings prior to 1978 and was, in part, a response to 
an increased demand for m ullet roe.

As com mercial landings grew, concern was expressed by recreational fishers that the 
removal o f large quantities o f mullet would affect the populations o f some recreationally targeted 
species. In its present state, the commercial mullet fishery is probably not affecting food supplies 
for the predatory fishes.

1.1 Status o f the Fishery

This document presents the most recent available information regarding the biology o f the
striped mullet M u g il cep h a lu s , a description o f the Louisiana fishery, assessment o f the current
status o f the stock in the State, management goals and specific management recom m endations.
The mullet fishery in Louisiana is still in a developmental stage com m ercially, and updates may
be necessary to adequately document changes in fishing methodology, m arkets, o r other factors.

There currently is little recreational fishery effort directed toward mullet in Louisiana. The 
commercial fishery has expanded in recent years and is currently capable o f harvesting all mature 
year classes; however, due to the current market, roe mullet are mainly being targeted. The 
com mercial mullet fishery has been impacted by House Bill 1316 passed during the 1995 
Louisiana Legislative Session. The following is but a part o f the legislation influencing mullet. 
The fishery is now open on the third Monday o f October each year and closes on the third Monday 
in January that is the roe season for this species. No night fishing is allowed and no fishing from  
5:00 a m. Saturday through 6:00 p.m . Sunday. M ullet may not be taken outside this period.

A review o f National M arine Fisheries Service (NMFS) records, indicate landings o f 
striped m ullet as early as 1930. Although there were significant landings in certain years from  
1930 through 1976, yearly landings during this period were generally low (Figures 3 .2  and 3.3). 
Following the development o f the roe m arket in the mid 1970's, landings increased dramatically 
between 1977 and 1989 (Fig. 3.4).

The striped mullet fishery has seen tremendous growth in the early 1990's. Harvest figures 
for 1996 show a decline from  the peak years o f that period. M onitoring o f  harvest, recruitm ent, 
and relative stock size through the Marine Finfish M onitoring Program  is intended to ensure that 
current and future harvest levels are sustainable.

1



1.2 Problem s o f the Fishery

The commercial striped mullet fishery has been undergoing a fairly rapid expansion since 
1976. This expansion has been largely due to the increased demand for mullet roe. Since roe 
m ullet are the prim ary target o f  commercial fishers, harvesting has been directed tow ard larger 
fish.

The fact that commercial fishers target roe mullet intensifies competition during spawning 
months. The spawning season in  the northern G ulf o f M exico extends from  O ctober through 
M arch. During this period large schools o f  mullet are found throughout coastal Louisiana, both 
inshore and nearshore. Spawning habits o f the striped mullet concentrates the fish, thus making 
the fishery highly visible during the peak months.
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2 .0  STRIPED M ULLET BIOLOGY

The striped mullet belongs to the family Mugilidae. According to Randall (1968), mullet 
are thick-bodied, blunt-snouted fishes with two short-based dorsal fins. M ullet have a mouth 
shaped like an inverted V when viewed from the front. The teeth are minute. M ost members o f 
the family have a thick-walled gizzard-like stomach and a very long intestine.

2.1 Nomenclature and Taxonomy

Accepted classification o f the mullet is that o f Greenwood et al. (1966). Taxa higher than 
Class are not included here.

Class: Osteichthyes 
Superorder: Acanthopterygii 

Order: Perciformes 
Suborder: M ugiloidei 
Family: M ugilidae 

Genus: Mugil 
Species: Mugil cephalus

The valid name for the striped mullet is Mugil cephalus (Linnaeus 1758). The following 
synonymy is adapted from Jordan and Evermann (1896).

Mugil cephalus Linnaeus, 1758 
Mugil alba Linnaeus, 1766 
Mugil tang Bloch, 1794 
Mugil plumieri Bloch, 1794
Mugil lineatus M itchill, MS; Cuvier and Valenciennes, 1836
Mugil rammelsbergii Tschudi, 1845
Mugil berlandieri G irard , 1859
Mugil guntheri Gi\\, 1863
Mugil mexicanus Steindachner, 1875
Mugil albula Jordan and Gilbert, 1883
Mugil cephalus Jordan and Swain, 1884
Querimana gyrans Jordan and Gilbert, 1884

The striped mullet is the most abundant o f the three members o f  the family M ugilidae 
found in waters o f the northwestern Gulf o f Mexico (Hoese and M oore 1977). The relationships 
within the family have been outlined by Ebeling (1957, 1961).

Striped mullet is the preferred common name recognized for Mugil cephalus by the 
American Fisheries Society (Robins ef al. 1980). Other common names include com m on mullet,
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grey mullet, black mullet, jum ping mullet, whirligig mullet, molly, callifavor, menille, mulle' (La. 
F rench, phonetic spelling), cefalo, macho, machuto, liza, lisa, and lisa cabezuda (Spanish o f 
various regions) (Jordan and Evermann 1896, Gowanloch 1933, D e Sylva et al. 1956, Hoese and 
M oore 1977, Collins 1985).

2 .2  D istribution

Mugil cephalus is found in coastal w aters, roughly between 42 degrees N orth and 42 
degrees South. It is present in the western Atlantic from Brazil to Nova Scotia (Hoese and M oore 
1977) but absent from  the Bahamas and m ost o f the W est Indies and C aribbean (Robins et al.,
1986).

2.2.1 Louisiana D istribution

In Louisiana the striped m ullet can be found in rivers, lakes, bays, bayous, and canals as 
well as along the coast in  fresh, brackish and salt water. Generally, m ature adults move offshore 
to spawn during the fall and w inter months but later return.

Based on numerous otter traw l, gill, seine and trammel net samples taken across coastal 
Louisiana by the Dept, o f W ildlife and Fisheries, the striped mullet was by far the m ost abundant 
mullet species caught. W hite m ullet {Mugil curema) catch was very small (Judd Pollard, DW F, 
pers. com m .), and m ountain mullet {Agonostomus monticola) has only rarely been taken in 
Louisiana waters (Suttkus 1956).

2.3 Stock Identification

Rivas (1980) reported that, based on tagging studies, striped m ullet from  the G ulf o f 
M exico are separated from  those o f the eastern coast o f Florida and farther north. These findings 
w ere later confirmed by racial studies based on m eristic and proportional characters. No data 
w ere found to show w hether a break exists between the G ulf and the C aribbean Sea around the 
outer tip o f the Yucatan Peninsula. There is basically one stock o f striped m ullet in the G ulf of 
M exico with small variation at a few alleles (Lazuski et al. 1989). Cam pton and M ahmoudi 
(1991) stated that no protein electrophoretic evidence for genetic substructuring o f striped mullet 
populations was found in allozyme polym orphisms between the east and w est coasts o f Florida 
based on spatial patterns o f variation. In general, allele frequency variations among samples 
w ithin locales were as great or greater than the variation among locales. Thom pson et al. (1991) 
also found no differences in enzyme polym orphisms in striped mullet collected from  various 
locations across Louisiana, o r between those areas and mullet from Pascagoula River, Mississippi, 
M obile Bay, Alabama, and Charleston Bay, South Carolina. They did note differences between
S .E . U .S. mullet and specimens from  Oahu and Hilo, Hawaii. Crosetti et al. (1994) did
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demonstrate significant differences between populations in worldwide sampling o f mitochondrial 
D NA  genotypes. They concluded that little or no genetic exchange occurs at the present time 
between widely scattered locales sampled on a global scale. They only examined striped mullet 
from  N orth Carolina out o f the W estern Atlantic, so this data is o f limited use in attempting to 
define sub-populations at a local level except through analogy. They found that different areas 
within major ocean basins w ere relatively similar, and that the m ajor differences that they found 
were between populations in different basins.

Schooling behavior o f mullet presents some interesting questions regarding the genetic 
relation among individuals within schools. A  significant result at one locus (P <  0.001) regarding 
homogeneity o f allele frequencies suggests some form o f non-random  dem ographic structuring 
may be associated with schools o f mullet (Mahmoudi 1989).

2 .4  M orphology

The following description is summarized from M artin and D rew ry (1978), who compiled 
data from a wide variety o f sources, with supplemental material from  De Sylva et al. (1956) and 
Fahay (1983).

D. IV-1,7-8; A. 111,8; C. 7 + 7 , procurrent rays 7 -8+7-S ; V. 1,5; lateral line scales 
37-43, vertebrae 11 +  13 or 12 +  12, first interneural bifurcate above seventh vertebra; 
gill rakers 24-36+50-76 , numbers increasing with size; prim ary teeth uniserial, 
simple, 57-101 in upper jaw , 97-149 in lower jaw ; secondary teeth in bands, bicuspid, 
numerous, number increasing with size; no teeth on vomer o r palatines.

Head 25.4-27.7; maxillary 7.0; interorbital width 9.3-10.4; body depth 25.4-26; first 
predorsal 50.8-57.1; second predorsal 74.6; preanal 73.0-73.5; prepelvic 39.4-39.5; 
first dorsal base 12.8-13.3; second dorsal base 10.6; second dorsal height 14.3-14.4; 
anal fin height 15.0-15.5; pectoral length 17.3-17.6; pelvic length 15.2-15.3; all being 
percent standard length (SL) means for 2 samples o f 25 specimens (DeSylva et al. 
1956)

Body robust, moderately elongate, compressed; lower profile strongly curved from 
snout to caudal peduncle, upper profile less curved, but arched slightly from  snout to 
first dorsal fin origin; body oval in cross section; caudal peduncle rather strongly 
compressed. Head massive, somewhat broader than deep; interorbital flat, short, and 
broad, its width m ore than twice eye diameter; snout shorter than eye, blunt or 
rounded anteriorly with a strong taper in dorsal view; some scales on top o f head 
slightly enlarged; anterior and posterior nostrils widely separated. M outh m oderate, 
oblique, jaw s weak; lower jaw  included; maxillary hidden when jaw s closed, its 
posterior end moving forward when mouth opened; lower lip with a thin edge directed 
horizontally forward or nearly so. Gape somewhat broader than deep. Gill openings
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w ide, gill membranes free o f the isthmus; gill rakers numerous, long, slender, and 
close-set; pseudobranchiae large. A prom inent adipose eyelid almost obscuring eye, 
covering preorbital anteriorly and extending almost twice as far posteriorly, leaving 
a narrow  slit over pupil. Scales m oderate, cylcoid or feebly ctenoid. Lateral line 
inconspicuous. Pectoral fins above m idline, at level o f eye, originating about length 
o f head behind eye; tips pointed, not reaching first dorsal origin; a distinctly enlarged 
scale in pectoral axil; pelvic fins subabdominal; origin o f first dorsal fin over pelvics; 
first dorsal spine longest, others graduated, last spine about half as long as first; origin 
o f second dorsal fin  slightly behind anal origin; upper m argin concave, longest ray 
nearly same length as longest spine o f first dorsal; anal fin about same size and shape 
as second dorsal but m argin less concave; caudal deeply forked, longest rays nearly 
as long as head, shortest about half as long. Fine scales extending onto caudal fin and 
some on anterior rays o f second dorsal and anal.

Pigmentation: Color varies with habitat and salinity, in fresh water very dark dorsally 
w ith overlay o f  dirty brow n or bluish color, dull white ventrally; in marine waters 
dorsum olive green, sides silvery, venter off-white. In general, dorsum  grayish olive, 
grayish blue, grayish brow n, bluish brow n or dark blue; shading to silvery white on 
sides and white o r pale yellow ventrally; many brown spots on sides, organized into 
rows along scale centers on upper half, forming 5 to 10 dark longitudinal stripes on 
upper scale series dow n to about the tenth, lower band not extending beyond anal 
origin. Sometimes a term inal caudal bar in migrating adults. Fins dusky, minutely 
dotted with black, except pelvics, w hich are a pale yellowish color; pectoral black at 
base o f  upper rays and distally, with a narrow pale margin, inner surface almost black; 
m argin and last few rays o f anal fin pale. A dark blue streak o r spot in the axil o f 
pectoral. A golden ring around the iris.

2.4.1 Larvae and Juveniles

Developm ent o f the larval stage was described from hatching by Yashouv and 
Bemer-Smsonov (1970) from  M editerranean specimens. Anderson (1958) described development 
from  4 .0  millimeters (mm) larvae through the prejuvenile stage from  m aterial taken off the 
southeastern coast o f the United States. G rant and Spain (1975) provided data on developmental 
morphology from  the prejuvenile stage to adult. Ditty and Shaw (1996) provided characters for 
separating Mugil cephalus from  M. curema and Agonostomus monticola larvae.

According to Thomson (1963), larval mullet average 2.4 mm total length (TL) at hatching. 
They lack a branchial skeleton, pectoral as well as pelvic fins, and even a mouth. Clearly 
noticeable jaw s, organized internal organs, and developing fin buds can be seen in 5 day old 
specim ens (approximately 2 .8  mm in length). M eristic and m orphological grow th and 
development continue until the fish are approximately 16-20 mm SL. A t this point they move to 
inshore waters and estuaries (Kilby 1949, A nderson 1958). The m igrating Mugil cephalus have
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2 spines and 9 rays in the anal fin (the "Querimana stage") until they grow to 35-45 m m  SL. At 
this size, the first ray fuses into a third spine, the adipose eyelid becomes visible and the fish is 
considered a juvenile (A nderson 1958).

Ditty and Shaw (1996) noted that Mugil cephalus >6 m m  SL (standard length) can be 
separated from Mugil curema and Agonostomus monticola by total num ber o f anal fin elements. 
{M. cephalus has 11, M  curema and A. monticola have 12). Mugil cephalus and M. curema also 
lack pigment on the second dorsal fin until >25 mm SL.

2 .4 .2  Adults

Distinctive characters stated by Fischer (1978) are as follows: "Body rather stout. Head 
broad, interorbital area flat; head length 27-29 percent o f standard length; fatty (adipose) tissue 
covering m ost o f  eye; lips thin, terminal; lower lip with a high symphysial knob; hind end of 
upper jaw  just reaching vertical from  anterior rim  o f eye; teeth labial, fine, 1 to 6 row s in  upper 
lip, 1 to 4 in lower, outer row  unicuspid, inner rows usually bicuspid; preorbital slender, filling 
only half the space between lip and eye. Origin o f first dorsal fin nearer to tip o f snout than to 
caudal fin base; second dorsal fin origin on a vertical from between a quarter and a half along anal 
fin  base; pectoral axillary scale 33 to 36 percent o f pectoral fin length; pectoral fin  66 to  74 
percent o f head length; anal fin with 8 (very rarely 7) soft rays. Scales in lateral series 38 to 42; 
second dorsal and anal fins lightly scaled anteriorly and along base.

The color o f the striped mullet is olive green on back, silvery on sides, shading to white 
below; 6 or 7 indistinct longitudinal brow n bars on flanks; a dark purplish blotch at base o f 
pectoral fin".

2.5 Reproduction

2.5.1 Age. Length, and W eight at First Spawn

It has been suggested that portions o f  some populations o f Mugil cephalus can become 
mature by one (males) to two (females) years o f age (Jhingran and M ishra 1962). Thom pson et 
al. (1991) observed that male and female Louisiana striped mullet w ere generally m ature at age 
tw o, although some females w ere not m ature until age three. Collins (1985), using data from 
Broadhead (1953, 1958) and Rivas (1980), reported that mullet mature from  200-300 m m  SL, with 
females maturing at a slightly larger size than males. Although some fish reach m aturity in their 
second year, most mature in three. Broadhead (1953) showed a weight-length graph o f  spawning 
and non-spawning Florida mullet in 1951: the minimum length and w eight for spawning females 
was 276 m m  and about 305 grams; for males it was 286 mm and approxim ately 330 grams.
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Thom pson et al. (1990) used the criteria that maturity is reached w hen 50% o f the 
individuals in a population develop functional gonads and stated Louisiana striped mullet males 
mature around 200 to 220 m m  fork length (FL) and females around 220 to 230 m m  FL. All their 
specimens less than 160 m m  FL  were immature and indistinguishable sexually while all males over 
280 mm FL  and all females larger than 290 m m  FL  were mature.

2 .5 .2  Fecundity

Futch (1966) stated that adult females produced from  1.2 to 2 .7  m illion eggs in a  single 
spawning, whereas Broadhead (1953) reported estimated fecundity betw een 0.5 to 2 .0  m illion 
eggs, depending on the size o f the female. Shehadeh et al. (1973) calculated a fecundity value o f 
648 plus o r minus 62 eggs/g. o f body weight.

Fecundity estimates for 67 Louisiana specimens ranged from  2.7  x  1CP to 3.7 x 106 eggs 
per individual (Thompson et a l  1990). Thom pson et a l  (1991) stated fecundity increased 
proportionately to body size. Fecundity o f an individual correlated well with standard length (F =
5.6  x 10'3 (SL)314 y = 0 .8 5 ) and fork length (F =  5.6  x 103 (SL)314, f  = 0 .8 5 ). Relative fecundity 
(expressed as the number o f eggs per gram o f eviscerated body weight) ranged from  798 to 2616 
eggs/gram  from  fish 290 to 568 mm FL.

Ovaries from  female Louisiana striped mullet sampled from  February through August 
possessed only resting prim ary growth oocytes (Thompson et a l  1990). This agreed with 
Abraham et a l  (1966) who also noticed a long resting non-reproductive period for striped mullet 
in Israel.

M ean girth o f female Louisiana striped mullet increased 11% between September and 
Novem ber (Thompson et a l  1989). This increase in mean girth was strongly associated with 
ovary m aturation and development. Thompson et a l  (1990) stated gonadosomatic index values 
supported histological development data showing Louisiana's striped m ullet reached maximum 
reproductive development during November and December.

Studies by Tamura et a l  (1994) determined that brackish-water females produced the greatest 
num ber o f fertilized eggs per spawn followed by females maturing in seawater, with the lowest 
number o f fertilized eggs obtained from females maturing in freshwater. The rate o f  oocyte growth 
from  females maturing in seawater and brackish water did not differ significantly, however, the rate 
o f oocyte growth from females maturing in freshwater was found to be significantly slower than that 
o f  the other salinity groups.

2 .5 .3  Season and Duration o f Spawn

The spawning season in the northern G ulf o f Mexico generally extends from  October 
through February or M arch (Anderson 1958, Hoese 1965, Ditty and Shaw 1996). Striped mullet
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in  Louisiana were observed entering the spawning season in late Septem ber and O ctober by 
Russell et al. (1986). They based their findings on the fact that red-yellow egg material in  females 
and milky white spermatozoan material in males was discharged when pressure was applied near 
the urogenital opening. M aximum gonad m aturation and development extended from  late fall to 
mid w inter, and was concentrated in Louisiana between early Novem ber and early January 
(Thompson et al. 1990, 1991; Render et a l , 1995). Ditty and Shaw (1996), based on the number 
and length o f M. cephalus larvae in their collections, estimated that spawning is completed by late 
February.

Thom son (1955) reported that some females in  Australia spawn only in  alternate years. 
Shireman (1975) found evidence for this in Louisiana freshwater areas and implied this could also 
be the case for other mullet in U .S. waters. Render et a l  (1995) described three conditions of 
anomalous ovarian development in Louisiana striped mullet, producing unusually low gonosomatic 
index (GSI) values. These anomalous conditions included (1) ovaries with arrested oocyte 
development at the cortical alveolar stage, (2) very small ovaries with low numbers o f normal 
oocytes undergoing development, and (3) diseased ovaries, with atresia o f advanced oocytes and 
a proliferation of red blood cells and intercellular material. Presence o f  these types o f  conditions 
could have led Thomson (1955) and Shireman (1975) to their conclusions regarding spawning in 
alternate years, since a portion o f the population examined by those researchers w ould have 
appeared to not be developing ovaries for the incipient spawn. Shirem an (1975) reported atretic 
oocytes in some ripe female mullet taken in freshwater areas in Louisiana, but did not mention the 
other characteristics described by Render et a l  (1995).

Oocyte development patterns reported by Thompson et a l  (1991) and Render et a l  (1995) 
indicated that striped mullet are isochronal spawners that possess synchronous oocyte maturation. 
These researchers reported that in September, a small number o f oocytes progressed to the 

cortical alveolar and early vitellogenic stages, while most oocytes remained in  the prim ary stage. 
During October, ovaries contained a synchronous group o f developing vitellogenic oocytes, while 
earlier stage oocytes disappeared, either through maturation or atresia. Ovaries in the vitellogenic 
stage were found from  early November through early January. No hydrated oocytes nor ovaries 
with post-ovulatory follicles w ere found in Louisiana coastal estuarine waters (Render et a l  1995).

The duration o f spawn seems to be short. W ithin a week after the spawning migration, 
fisherm en observed spent male and female mullet in their catches. In  addition, Leard (1995) 
mentioned an unpublished tagging study by the University o f Miami that found two tagged mature 
mullet that were re-collected as spent fish within fourteen days o f being tagged at the same location 
where they were set free. These findings suggest that the spawning process is not long, that the 
fish may not swim far, and that they may return to the same place.

Thompson et a l  (1989) found that by February, primary stage oocytes in Louisiana striped 
mullet were dominant, indicating cessation o f  reproductive activity and a return to resting stage 
ovaries. Cessation o f reproductive activity was further evidenced by an increased proportion of 
atretic mature oocytes during February.
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Thom pson et al. (1989) measured egg diameters o f leading stage oocytes o f Louisiana 
striped mullet through the reproductive season and found mean egg diameter increased from  0.21 
m m  in September to 0 .56  m m  in early N ovem ber. They stated egg diam eter from  Novem ber to 
late D ecem ber appeared to  reach a plateau with diameters from  0.53 to  0 .56 m m  and then 
decreased towards February (0.19 mm). Term inal m ean oocyte diam eter was not reported since 
they did not observe oocytes in hydrated condition (Thompson et al. 1989). Oocyte diam eter 
before spawning was reported by Pien and Liao (1975) as 0.60 to 0 .70 mm, increasing to 0 .90  to
0.95 m m  during hydration.

2 .5 .4  Tem perature. Photoperiod, and Habitat

T here have been no reports o f precise water temperatures o r salinities associated with 
mullet spawning in the wild. However, Tung (1970) reported that the best temperatures from  
w hich to catch migrating spawners ranged from  21-25 degrees centigrade (°C). Kuo et al. (1974) 
discovered that the temperature m ost favoring the com pletion o f oogenesis in captive Mugil 
cephalus was 21° C. Sylvester et a l  (1975) w ere able to spawn striped m ullet in the laboratory 
by hormone induction between 22.8-23.5° C. The egg survival was greatest at the highest salinity 
tested, 32 ppt (parts per thousand).

A  study by D indo et al. (1978) reported that when the natural photoperiod is shortening 
(less than 12 hours) and the temperature falls to approximately 20) C in Septem ber and October, 
there is a concurrent initiation o f rapid gonadal grow th and reproductive readiness.

The habitat in which mullet spawn has been researched by many investigators. M ullet have 
been reported to spawn inshore (Breder 1940), along beaches (Gunter 1945), 8 to 32 kilometers 
offshore (Broadhead 1953), and in w ater deeper than 40 meters (A nderson 1958). A rnold and 
Thom pson (1958) docum ented mullet spawning 65 to 80 km  offshore in the G ulf o f M exico in 
water 1000-1800 meters deep. M ajor (1978) reported that mullet mostly spawn in relatively deep, 
cool coastal waters. Fischer (1978) stated mullet form  large aggregations during spawning, which 
takes place in the ocean, near the surface, over deep water toward the edge o f the continental 
shelf. Collins (1985) declared that mullet spawn over a wide range o f coastal waters but that most 
spaw n offshore. Robins et a l ,  (1986), stated that all individuals spawn offshore. The current 
consensus is that most mullet spawn offshore. Earlier reports o f inshore spawning may have been 
due to the speed o f the offshore movement and spawn.

Thom pson et a l  (1990) indicated that the absence o f post-vitellogenic oocytes in  their 
samples supported the contention that striped mullet spawn offshore (Arnold and Thompson 1958, 
Greeley et a l  1987). Oocytes reach a term inal vitellogenic oocyte diam eter and then arrest 
development until m ovem ent offshore occurs (Thompson et a l  1990). Further evidence of 
offshore spawning is reflected in the fact that no post-ovulatory follicles w ere observed 
histologically from  striped mullet collected in inshore estuarine waters (Thom pson et a l  1990). 
Post-ovulatory follicles can be seen historically for a relatively short time (H unter and Goldberg
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1980, H unter and M acewicz 1985) after spawning and can be used to give direct evidence of 
spawning (Thompson e /ti/. 1989).

2 .5 .5  Courtship and Spawning Behavior

According to Shirem an (1975), m ature mullet frequently form  large schools and swim 
offshore to spawn in the fall and winter. Sexually mature fish that live in freshwater either resorb 
their gonads or move to the sea to spawn. Peterson (1976) observed that swimming speed during 
migration is much greater than that predicted to be energetically optimal, possibly because o f the 
augm ented hydromechanical efficiency provided by schooling and the selective force o f heavy 
predation during spawning migrations.

According to Futch (1966) eggs are discharged into the w ater and nearby males fertilize 
them. Arnold and Thompson (1958) reported apparent spawning o f striped mullet at night in the 
G ulf o f Mexico from visual observation while drifting in 755 fathoms (1381 meters) o f water as 
follows:

"In a typical group, the males, noticeably smaller and more slender, 
maintained positions slightly behind what was ostensibly a female. Five o r six 
times while they remained in view, one or m ore o f the males would quickly move 
up beside or below the female, nudging and pressing against her abdomen with 
head and body. Often during this action the individuals thus engaged would quiver 
and cease swimming momentarily, sometimes rising to the surface. The 
unoccupied males swam rapidly back and forth in the immediate vicinity until they 
in turn behaved in a similar fashion."

Thompson et al. (1991) examined the first record o f an hermaphroditic striped mullet in 
spawning condition taken in U. S. waters (near shore off Mississippi). That this m ullet could act 
functionally as both female and male o r have the ability o f self-fertilization could not be 
completely discarded ( Thom pson et al. 1991).

2 .5 .6  Incubation

Thomson (1963) described Mugil cephalus eggs as buoyant, clear, straw-colored, non
adhesive, and spherical. They averaged 0.72 mm in diameter and hatched approximately 48 hours 
after being fertilized.

2.6  Age and Growth

According to Rivas (1980) mullet may live four or more years. Shireman (1964) reported 
m ullet up to four years old from  M aringouin Bayou, Louisiana in 1961-62. Thom pson et al. ll

l l



(1991) reported that Louisiana striped mullet have a maximum life span o f approxim ately nine 
years but relatively few live longer than six years. Thomson (1963) stated the maximum age as 
13 years. Bardach et al. (1972) stated that mullet reach lengths o f 50-55 cm and weights o f 1.2-
2 .0  kg. in  4 to 6 years, but it is unclear w hether they are discussing grow th in the wild, or in 
aquaculture situations. Thompson et al. (1989) reported that for striped m ullet, variability in  age 
at a given length indicated that length is a poor estimator o f age. Age validation o f striped mullet 
in Louisiana waters showed a single annulus being formed between April and A ugust (Thom pson 
et al. 1989).

Futch (1966) reported that larval mullet (approximately 2.5 mm long) grew into postlarvae 
in about 7 days. As they increase in size, they move inshore and when they reach a length o f 20- 
30 m m  move into the grassy parts o f brackish water bays. W ithin 5 m onths they grew to 50 mm 
juveniles. W hen they w ere one year old they were about 185 mm. In their second year, at 
approximately 265 mm, they became available to the commercial fishery.

Fishery-independent seine samples taken by the Department o f W ildlife and Fisheries 
indicate that striped m ullet about 20 mm TL  w ere found in N ovember and D ecem ber, but that 
m ore young-of-the-year (YOY) individuals w ere taken in the 20-50 m m  range between January 
and A pril. During May and June, relatively few fish less than 30 m m  T L  w ere found, and by 
August, few juveniles remained less than 50 mm TL. The mode o f the YOY length frequency was 
about 70 mm in June, 100 mm by September, and 120 mm by Decem ber. G row th rates over the 
first year o f life are apparent in the graphed data (Figure 2.1). D uring the second spring o f life, 
the fish are less effectively sampled by the seine gear and this, com bined with variation in 
individual growth rates reduces the ease by which growth rates can be distinguished in this figure.

Thom pson et al. (1990) suggested that Louisiana striped mullet com plete much o f their 
yearly otolith growth between July and N ovem ber, before the reproductive season, and little 
additional otolith grow th takes place during winter and early spring. Even though this is in 
contrast to suggestions presented by Cech and Wohlschlag (1975), it is consistent w ith the notion 
that m ullet undergo somatic grow th from  July through October, then concentrate on oocyte (or 
testicular) maturation. Thompson et al. (1990) thought the growth stasis found between January 
and M arch could be a post-spawning recovery period.

Broadhead (1958) stated females were bigger and grew a little faster than males o f identical 
age. Thom pson et al. (1991) reported that grow th models o f Louisiana striped mullet showed 
significant differences between males and females in both length at age and w eight at age. Futch 
(1966) found a rough correlation between average water temperature and size and age at maturity. 
Individuals from higher temperature areas matured faster than those from  lower temperature areas. 
Rivas (1980) reported that growth o f striped mullet during spring and summer is more than double 
the growth during fall and winter, and he believed the phenomenon to be related to temperature. 
H e proposed that in the G ulf o f M exico, growth in length gradually slows as the fish become 
larger, and reaches an asym ptote at an average length o f 600 mm total length (TL), at probably
5-6 years o f age.
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Robins et al. (1986) reported Mugil cephalus to reach a maximum size o f  910 mm but 
added that individuals found are usually less than 510 mm TL. However, a 914 m m  TL  specimen 
was found in India (Gopalakrishman 1971). A striped mullet caught from Florida's west coast was 
reported to have a fork length o f 698 mm and a weight o f 4 .4  kg and unconfirm ed records o f 9.1 
kg and 6.8 kg have been reported from Mexico and Hawaii, respectively (Topp and Beaumariage 
1971). Thompson et a l  (1991) obtained striped mullet from  the U. S. Sabine National Wildlife 
Refuge (Louisiana) from  483 to 590 mm FL  and weights to over 8 pounds (3.7 kg).

Louisiana striped mullet 4 and 5 years old averaged between 350 and 390 mm FL 
(Thompson et a l  1989). Thom pson et a l  (1990) found a near-linear grow th rate to age 3 and a 
later typical asymptotic pattern with fork lengths leveling off at approximately 350 mm (Thompson 
et a l  1990). Thompson et a l  (1991) reported von Bertalanffy grow th models as follows for 
Louisiana striped mullet:

Female length: Lt =  471.70 [1 - e"0'28̂  031]
Female weight: W( =  643.57 [1 - e"0-88̂ 116)]2-93

M ale length: L, =  366.98 [1 - e -°36(l=015)]
M ale weight: W, =  545.37 [1 - e"0-50̂ 161]2-93

They also noted that fish collected East o f the M ississippi River showed different growth 
parameters from those taken W est o f the River, but noted that collection methods were different 
for the fish taken from  different parts o f the state, which could have influenced the param eter 
estimates.

Thompson et a l  (1991) stated that over the entire range o f striped mullet examined, length- 
weight, girth-weight, and otolith-body weight relationships did not differ significantly between 
males and females. H owever, analysis o f striped mullet (mostly females) obtained from  the U. 
S. Sabine National Wildlife Refuge showed that their growth and reproductive parameters differed 
from  mullet obtained from  the Louisiana Department o f W ildlife and Fisheries. The fork 
length/total weight relationship reported by Thompson et a l  (1991) was:

TW  =  2.1 x lO"5 (FL)293 (r2 - 0.99).

2.7 O ther Life History Aspects

2.7.1 Food Habits

Mullet are primary consumers that feed mostly on relatively tiny living and dead vegetable 
m atter (Collins 1985). According to De Silva (1980) most researchers now agree that larval 
mullet mainly eat microcrustaceans. Nash et a l  (1974) grew larvae to 20 m m  SL using animal 
m atter as a food source and thus demonstrated the dependence o f larvae and postlarvae on 
zooplankton. In Indian River Lagoon (Florida), stomach content analyses w ere perform ed on 
nearly 400 Mugil cephalus larvae up to 35 mm SL. Larvae up to 15 mm SL ate almost exclusively 
copepods (70%) and mosquito larvae (30%); those in the 15-25 mm SL range consumed copepods 
(50%), mosquito larvae (15%), and plant debris (35%); larvae 25-35 mm SL ingested mainly plant
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debris (80%) and copepods (10% ) (Harrington and H arrington 1961). DeSilva and W ijeyaratne 
(1977) discovered that the proportion o f sand and detritus in the gut o f juveniles increases with 
length, indicating they tend to take more food from  the bottom as they grow older. H owever, 
O dum  (1968) found that m ullet 35-80 m m  in length fed on a bloom  o f the dinoflagellate 
Kryptoperidinum sp. and Futch (1976) stated that if  non-toxic plankton blooms are available, 
m ullet will feed almost entirely on plankton.

M ullet frequently feed by sucking up the upperm ost layer o f sediment, which is rich in 
detritus and microscopic algae, and by ingesting the epifauna and epiphytes on seagrasses and 
other substrates. They also eat surface scum when large amounts o f  m icroalgae can be found at 
the air-water interface (Odum 1970). Bishop and M iglarese (1978) reported that they also ingest 
polychaetes {Nereis succinea) in the water column. In some freshwater environm ents Mugil 
cephalus was found to eat mainly benthic filamentous green algae and epifauna and epiphytes on 
aquatic macrophytes (Collins 1981), but they also consume sediment for grinding.

The tim e o f peak feeding activity varies with site. Odum (1970) found that in all the 
F lorida habitats he studied, feeding varied with the height o f the tide, whereas in  the saltwater 
(Cedar Key, Florida) and freshwater (Crystal R iver, Florida) locations studied by Collins (1981) 
feeding was completely diurnal and had no relation to tidal stage. According to DeSilva and 
W ijeyaratne (1977), Mugil cephalus showed diurnal periodicity in feeding activity. Peaks o f 
activity w ere observed at daw n and around midday and these w ere not related to tidal stage. 
Brusle (1970) also stated that striped mullet feed during the day, Tabb and M anning (1961) 
reported the species often feed on flats at night and returns to channels in the daytime.

2.7.2 General Behavior

Broadhead and M efford (1956) found that Mugil cephalus tagged and released ju st before 
spaw ning have as high a recovery rate as individuals released at other times o f the year. This 
contradicts the belief held by some fishermen that mullet do not return  after spawning and are 
therefore lost to the fishery.

Russell et al. (1987) observed that few species were caught as bycatch in gill nets and haul 
seines targeting striped mullet. They believed this to be due to the tight schooling behavior o f the 
mullet.

Mahmoudi (1989) stated that mullet form large schools during spawning months in inshore 
w aters and may move offshore in large numbers during these months. A fter returning from 
spawning offshore, schools disperse and move to tributaries during spring and summer months. 
Thompson et a l  (1990) reported that as striped mullet move seaward through the estuaries toward 
open m arine w aters, there appear to be "staging" areas where the schools tem porarily delay 
migration as schools coalesce into larger, massive concentrations. In southeast Louisiana, these 
coalescing schools can be found in Lake Borgne and Breton Sound (Thom pson ef al. 1990).
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Estuarine waters remaining warm late into the fall, and fall hurricanes may delay o r disrupt these 
movements (Thompson et al. 1990). Thomson (1963) reported the tim ing o f the offshore 
m igration may vary as much as two months. Idyll and Sutton (1952) observed that migrations 
were not extensive in Florida, with 90% of their tagged mullet moving less than 32 km.

According to Hoese (1985) Mugil cephalus seems to have the same behavior as that 
described for Rhinomugil corsula by Hora (1938), as individuals o f a school place much o f  the 
mouth, eye and the upper part o f the opercle above the surface. This behavior, together with 
rolling and jumping, is thought to move air into the upper posterior portion o f the pharynx where 
it is utilized for aerial respiration. The main evidence cited is that jum ping frequencies are 
inversely correlated with dissolved oxygen concentrations, and that the pharyngobranchial organ 
has the ability to hold gas.

Hoese (1985) stated that escape jumps from predators or from fright are easily recognized 
because several disturbed fish jum p together and they maintain an upright posture, entering the 
water cleanly. The normal jum p is not as fast and not as long, and the mullet usually turns on its 
side or sometimes turns totally upside down before entering the water. Such easy jum ps would 
not seem to be adequate in either dislodging parasites or fleeing, but would be one way to irrigate 
the pharyngeal chamber with air with a little expenditure o f energy.

Juvenile Mugil cephalus 40-69 mm long can live in salinities ranging from  0-35 ppt. 
M ullet spend the remaining first year of their life in coastal waters, salt marshes and estuaries, and 
frequently swim to deeper w ater in the fall when the adults move offshore to spawn. However, 
many immature mullet overw inter in estuaries. Following their first year, striped m ullet live in 
the ocean, saltmarshes, estuaries or freshwater rivers (Nordlie et al. 1982). It seems that on some 
occasions females are much more abundant than males in fresh and brackish w ater habitats 
(Shireman 1975, Collins 1981).

2 .7 .3  Pathology

M ullet are frequent hosts to parasitic infections and infestations. Collins (1958) found that 
in almost 300 adult mullet from saltwater and freshwater habitats on F lorida 's G ulf coast, all fish 
had parasites either on the body surface or gills.

Bacteria have attributed to individual Mugil cephalus m ortalities. Lewis et al. (1970) 
documented deaths caused by a Pasteurella-\\kz bacterium in Galveston Bay, Texas in November 
1968. Substantial mucoid m aterial covered the gill filaments and purulent m aterial was found in 
abdominal cavities o f sick fish. Plumb et a/. ,(1974) isolated a species o f Streptococcus from 
m ullet and other dying fishes from  Florida to Alabama in August and Septem ber o f  1972 and 
suggested that this bacterium was responsible. Cook and Lofton (1975) infected five species of 
fishes including Mugil cephalus with the bacterium and observed erratic swimming, external 
hem orrhagic lesions, peritoneal cavities, and intestines filled w ith a  bloody fluid. Paperna and
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Overstreet (1981) stated Donald H. Lewis o f Texas A&M University found many mullet from near 
Galveston, Texas, with Vibrio anguillarum during early spring. These fish developed petechial 
hem orrhages in and at the base o f the fins, in the oral cavity and around the vent while being 
transported to the lab. Lewis also saw loss o f scales and large lesions on the abdominal wall o f 
mullet; Pseudomonas sp. was most often present in the lesions, liver and frequently the blood.

Bacteria in or on mullet can also cause disease in man by touching or eating the fish 
(Papem a and Overstreet 1981). Janssen (1970) pointed out the need for further research in public 
health. Some o f the bacteria taken from  fishes are Aeromonas hydrophilia, Mycobacterium 
marinum, M. fortuitum. Vibrio parahaemolyticus, Erysipelothrix rhusiopathiae and Leptospira 
icterohaemorhagiae. All o f the aforementioned can cause disease in man. M ullet can be vectors 
fo r cholera, salmonellosis, shigellosis, and probably other diseases besides those caused by the 
aforem entioned bacteria. M ost bacterial diseases that could be acquired from  mullet can be 
prevented via cooking the fish (Papem a and Overstreet 1981).

Fungi which infect mullet, include the water-mould, Saprolegnia sp. (Sarig 1971). Mullet 
dying from  this water-mould have been documented as well.

Flagellates also attack mullet. The parasitic dinoflagellate Amyloodinium ocellatum or a 
closely related species, sometimes infests striped mullet in M ississippi and can easily kill most 
pond fishes (Papema and Overstreet 1981). A. ocellatum and related species become detrimental 
to confined fish because o f their reproductive capabilities. Fresh-w ater baths w ere effective 
against A. ocellatum whereas m ost tested chemicals (Lawler, in preparation) seldom were. In 
M ississippi, Trypanosoma mugicola occurs in the blood o f striped m ullet but appears to have no 
effect.

C iliates can also be found in striped mullet. Skinner (1974) pointed out an unidentified 
trichodinid on Mugil cephalus from  Florida closely resembling Trichodina halli. W hat seems to 
be two species o f trichodinids in the gill area and on the integument live on striped mullet and 
white mullet (M. curema) from  at least Louisiana to Florida. One or both species were observed 
in Mugil cephalus being raised in ponds at Rockefeller Refuge, G rand .Chenier, Louisiana, 
(O verstreet, unpublished data). Frequently Scyphidia sp. (another peritrich) also lived on the 
integument and gills. The ciliate known as 'ich ' (Ichthyophthirius multifiliis is one o f the most 
devastating parasitic diseases which attacks mullet and other fishes restricted to freshw ater ponds 
o r aquaria (Papema and Overstreet 1981). Striped mullet fall prey to Cryptocaryon irritans, which 
is I. multifiliis salt water counterpart. Wilkie and Gordin (1969) found the fish vulnerable to this 
parasite when marine waters w ere warm er than 15° C.

Haemogregarina mugili is an Apicomplexa (taxonomic division w hich includes most taxa 
previously belonging to the Sporozoa) that infects only mullets. Saunders (1964) and Becker and 
O verstreet (1979) have observed it in striped mullet in Florida and M ississippi, respectively.
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Mugil cephalus also hosts cysts o f one or m ore species o f Kudoa in  M ississippi. These 
infections are found in the musculature and along the alimentary tract (Papem a and O verstreet 
1981).

The parasite Myxosoma cephalus was found in Mugil cephalus from  south Florida (Papema 
and Overstreet 1981). It was discovered in the meninges, gill arches and filaments, buccal cavity, 
jaw bone, crop, esophagus, intestine, liver and mesentery o f the fish. This species was thought 
to have caused the heavy mortality o f striped mullet in southern Florida in  1964 (Iversen, Chitty 
and Van M eter 1971). M aterial obtained from  the brain-cavity and elsewhere pointed to this 
pathogen. M ore than one species o f this complex can be found in mullet in America.

Parasitic copepods also infect striped mullet (Papema and Overstreet 1981). The ergasilids 
Ergasilus lizae, E. versicolor, and two other forms parasitize Mugil cephalus in the United States 
(Johnson and Rogers 1973). Besides, several specimens o f E. funduli, in  areas heavy with 
cyprinodontid fishes frequently infest young or, sometimes, adult mullet. E. longimanus has been 
reported from Florida (Skinner 1974). Papem a and O verstreet (1981) stated that probably other 
ergasilid species parasitize mullet and pointed to ergasilids heavily infesting striped mullet in 
ponds at the Rockefeller Refuge near Grand Chenier, Louisiana. The fish however did not appear 
emaciated. The cyclopoid Bomolochus concinnus, plagues Mugil cephalus in the southeastern U. 
S. This parasite was observed in 20 o f 83 fish with each fish having between 2-25 individuals in 
Biscayne Bay, Florida (Skinner 1974). Bomolochus teres and B. exilipes parasitized striped mullet 
in Texas (Pearse 1952, Causey 1953). Naobranchia lizae, a naobranchiid, has been found on the 
gills o f  striped mullet in the G ulf o f Mexico (Papem a and O verstreet 1981). The lerneopodids 
Clavellopsis robusta, Alella longimana and Clavella inversa also plague Mugil cephalus from  the 
G ulf o f  M exico (Papem a and O verstreet 1981).

Argulus flavescens and A. floridensis (parasitic crustaceans that belong to the Branchiura) 
infest mullet throughout the G ulf Coast o f the U. S. (Cressey 1972). A  new species o f Argulus 
was collected from  Mugil cephalus in M ississippi (Overstreet 1974). There is definite evidence 
that species o f Argulus have killed fishes in enclosed areas and therefore, they should be regarded 
as a threat to mullet in aquaculture (Papema and Overstreet 1981).

Isopods also feed on striped mullet. The cymothoid Merocila acuminata (synonymous with 
a species closely related to N. lanceolata) parasitizes Mugil cephalus in Texas.

Monogeneans may be found on the gills and body o f fishes. A new species o f  gyrodactylid 
plagues striped mullet in Florida (Skinner 1974). The dactylogyrid Ancyrocephalus vanbenedenii 
infests Mugil cephalus in the G ulf o f Mexico.

Digenetic trematodes or flukes usually are the most abundant helminths in num ber o f 
species and individuals (Papem a and O verstreet 1981). Table 2.1 from  Papem a and O verstreet 
(1981), depicts adult digeneans observed in striped mullet in Louisiana and o r neighboring states. 
Table 2 .2  from  the same source summarizes known zoogeographic inform ation on digenean
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metacercariae. One m ajor objection to Mugil cephalus as a food fish cited by Bardach et al.
(1972) is that it carries a fluke Heterophyes heterophyes dangerous to m an if  the flesh is eaten raw 
or poorly cooked.

Phagicola longus causes few human infections in the southeastern U. S. because m ost fish 
is cooked, but eating raw , cold smoked, o r salted mullet could easily modify the public health 
statistics (Paperna and O verstreet 1981). Courtney and Forrester (1974) found an average of 
11,849 worms in each o f 14 brow n pelicans from  Louisiana. Hamed and Elias (1970) observed 
live parasites in frozen fish at -1CP or -20° C for 30 hours, but Paperna and O verstreet (1981) 
reported that deep freezing at -18? C for 24 hours killed all m etacercariae. Hamed and Elias 
(1970) discovered live w orm s after 10 minutes at 10CP C.

Cestodes are also commonly found in Mugil cephalus. A t least two species under the 
group-name Scolex polymorphus have been found. One parasite was discovered in the cystic duct 
o f striped mullet from M ississippi and Florida, the other was found in  the intestine o f young fish 
from  Mississippi. A Rhinebothrium sp. has also been documented from  the mesentery o f  Mugil 
cephalus in M ississippi (Paperna and Overstreet 1981).

Nematodes such as Contracacecum robustum larvae parasitizes Mugil cephalus from 
Louisiana, M ississippi, Alabama and Florida with heavy infections from  near Grand Chenier, 
Louisiana, where the parasite may have affected the hosts' health (Paperna and O verstreet 1981). 
Contracaecum robustum lives in  the liver, kidneys and adjacent tissues o f striped mullet (Paperna 
and Overstreet 1981). Hysterothlacium type MB, recognized by D eardorff and O verstreet (1981) 
as a potential health hazard, has been found in Mugil cephalus in G ulf o f  M exico w aters. In 
addition, H. reliquens (N orris and Overstreet 1975) and Hysterothlacium type M D have been 
observed in G ulf o f M exico striped mullet (D eardorff and Overstreet 1981).

Larval ascaridoids are a potential human health hazard if  infected fish are not well 
prepared. Symptoms comparable to those caused by cancer o f the alimentary tract or an ulcer can 
be produced by some species (Paperna and Overstreet 1981).

Capillariaphilippinensis was accused o f human deaths in the Philippines. M ost infected 
individuals had been consuming raw fish and shrimp (Paperna and O verstreet 1981). Rawson
(1973) has documented small infections o f Capillaria sp. from striped m ullet in Georgia.

The acanthocephalan Floridosentis elongatus, may be found in the intestine o f  striped 
mullet from  Florida to Texas. This species, in general, should not cause harm  to Mugil cephalus 
in its natural environm ent (Paperna and Overstreet 1981).

The leech Myzobdella lugubris, can affect Mugil cephalus detrim entally if found in large 
num bers. It has been recorded from  estuarine and fresh-water habitats in  M ississippi (Sawyer, 
Lawler and Overstreet 1975). As discussed by Overstreet (1974), Sawyer et al. (1975) and others,
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leeches are probably vectors for the protozoan parasites living in the blood o f mullet and other 
fishes.

Glochidia are the larval stages o f the fresh-water bivalves o f the Unionidae and striped 
mullet are potential hosts whenever they live in fresh-water (Paperna and O verstreet 1981).

C iguatera poisoning can be acquired from  eating Mugil cephalus either cooked or raw. 
Fortunately, Paperna and Overstreet (1981) stated that this type o f poisoning is uncom m on when 
you consider the quantity o f mullet that is eaten throughout the world.

Hyuga fever which is synonymous with Kagami fever has Rickettsia sennetsu as its 
aetiologic agent (Paperna and Overstreet 1981). Eating uncooked striped mullet may produce this 
disease in m an (Kitao, Farrell and Fukuda 1973).

Paperna and Overstreet (1981) stated that in the United States only salt, glacial acetic acid 
and sulphamerazine can be used legally to treat mullet grown in aquaculture for consumption. For 
example, salt can be used to eliminate the disease caused by the phycomycete fungus Saprolegnia 
sp. on mullet. Paperna and O verstreet (1981) also declared that chemicals can harm  mullet 
directly, they can harm people that consume or rear the fish and they can affect water quality. For 
example, malachite green may cause cancer, and if potassium permanganate is used in dust form, 
a cotton mask, safety glasses and gloves should be worn by the handler.

Overstreet (1990) declared that numerous health problems in aquaculture facilities, 
particularly those concerning marine stocks, can be eliminated, controlled or reduced by drying 
out ponds periodically. H e added that getting rid o f accumulated waste and employing lime or 
some other agent on the cleaned bottom will be appropriate in some cases while in others letting 
the sun bake the sediment for a few days might be enough.

Paperna and O verstreet (1981) stated that mullet have fed on sewage and on matter 
saturated with petroleum products. They presume pathogenic bacteria, toxic organic substances 
and heavy metals acquired by the fish are accumulative and can all be transm itted to m an when 
he eats the mullet.

2 .7 .4  Trophic Position in the Community

A dult striped m ullet have been classified as detritivorous, herbivorous, and interface 
feeders. The diet and feeding behavior o f the fish can vary by site, but their predom inant food 
is either epiphytic and benthic microalgae, macrophyte detritus or inorganic sediment (Odum 
1970). Collins (1985) stated that even though the diet o f mullet overlaps that o f  a variety of 
aquatic species, inter-specific competition has not been reported. Cordona et al. (1996) stated the 
presence o f striped mullet increases the global efficiency o f resource exploitation, not only o f  detritus 
but also o f  small zooplankton.
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Thomson (1963) observed that the main predators o f juvenile and adult mullets are fishes 
and birds. Breuer (1957) reported that spotted seatrout (Cynoscion nebulosus) eat mullet up to 35 
cm  in length, and in  Florida sharks occasionally feed heavily on large m ullet. In Louisiana 
waters, juvenile and adult mullet have been found in stomachs o f red drum  (Sciaenops ocellatus) 
and spotted seatrout (LD W F data, H . Blanchet, pers. comm.).

2 .7 .5  Habitat Requirements by Various Life History Stages

M ullet live in many habitats and depths and spawn predominantly in relatively deep, cool 
coastal waters. Larval fish move inshore to shallow waters along beaches and enter salt marshes 
(Collins 1985). Thom pson et al. (1990) reported postlarval and juvenile striped m ullet showed 
a strong movement tow ard low er salinity estuarine waters and became com mon in estuarine 
habitats by m id to late w inter. Seasonality data reported by Ditty and Shaw (1996) showed that 
m ost young M  cephalus leave offshore waters by April. Smaller juveniles in  their first year in  the 
estuaries showed strong preference for shallow protected shoreline and m arsh habitats. W ith 
grow th, the young-of-the year formed larger schools and became oriented m ore tow ards open 
w ater. Striped mullet o f all size and age classes were found in Louisiana estuarine waters 
(Thompson et al. 1990). M ajor (1978) observed in Hawaii, in spite o f near-lethal tem peratures, 
schools o f mullet less than 50 mm SL were invariably found in very shallow waters, including the 
sw ash zone and tide pools. Juveniles larger than 50 mm SL favor the slightly deeper waters 
beyond the swash zone, although, they may swim into shallow waters that smaller mullet have left 
unoccupied during flood tides. The very shallow w ater favored by fish sm aller than 50 m m  SL 
may help them elude the m ajority o f their predators and to feed without significant competition. 
Ferret et al. (1971) reported striped mullet in Louisiana were m ore abundant in  shallow waters 
near the shore. Seine collections produced fish during all months; the highest catches w ere made 
in January (Ferret ef <2/. 1971).

Larvae - Ditty and Shaw (1996) described the distribution o f larval striped m ullet in the 
offshore northern G ulf o f M exico. They found most larvae at stations w ith surface w ater 
temperatures ^24.7° C (range 16.7-27.0° C, mean 23.4° C) and salinities £*34.0 ppt (range 23.5- 
36.8, mean 34.4 ppt). T heir largest tow came from  185 km (=115 miles) south o f the mouth o f 
the Mermentau River in western Louisiana, in water 103 m (= 338 feet) deep. They caught striped 
m ullet at stations with w ater depths between 7 and 2,837 m (23 to 9 ,308 ft.), w ith the highest 
relative frequency o f stations containing larvae between 41 and 180 m  (135 to 591 ft.).

Temperature - An analysis o f the worldwide distribution o f striped m ullet indicates mullet 
are temporary residents in regions where waters do not reach Iff  C (Collins 1985). Young striped 
m ullet living in salt m arsh pools on F lorida 's G ulf coast at temperatures ranging from  13-34.5° 
C w ere reported by Kilby (1949), W ater temperatures presumably regulate the amount o f time 
that young individuals stay in estuaries. For example, mullet less than 50 mm SL favor 
tem peratures between 30,0-32.5° C and fish from  50 to 130 mm SL prefer temperatures in the 
19.5-20.0°C range. For all sizes o f mullet, the temperature chosen tends to decrease as salinity
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increases. The minimum water temperature reported for the species was 4 .5 ’ C (Moore 1976) and 
one adult was caught at 36° C  (Moore 1974). Ferret et al. (1971) stated that 1,146 striped mullet 
w ere taken by traw l and 1,280 w ere caught by seine in Louisiana. All fish were caught from 
water temperature intervals 5.0-9.9° C up to and including water temperatures o f 30.0-34.9’ C.

Salinity - Live mullet o f undetermined size were reported in waters with a salinity o f 84-86 
ppt, as w ere deaths and em igration above 75 ppt (Wallace 1975). A dult mullet have been 
documented from salinities ranging from 0 ppt (Collins 1981) to 75 ppt (Simmons 1957). Ferret 
et al. (1971) reported striped mullet in Louisiana to range in size from 15 to 465 mm and to occur 
from  fresh water to salinities over 30 ppt. The largest catches w ere made at 5 .0  to 19.9 ppt. 
Sylvester et al. (1975) induced fish to spawn in the laboratory and found that egg survival was 
greatest at the highest salinity tested, 32 ppt. Survival o f larvae was greatest at 26 ppt in tests from
24-36 ppt. Nordlie et al (1982) stated that when mullet are 40-70 mm SL they achieve a definitive 
state o f osmoregulatory capability and can live in fresh water to full strength sea water.

Dissolved Oxygen - Sylvester et al. (1975) observed that mullet eggs and larvae apparently 
cannot live below a dissolved oxygen (DO) level o f 4 ppm. Over a range o f  1.0-8.0 ppm DO, 
eggs incubated in the laboratory for two days had a survival rate o f 0% -3%  at levels 4 .5  ppm  and 
below. The survival rate was 85-90% for 5 .0  ppm and above. Larvae were kept in DO 
concentrations o f 4.0-7.9 ppm from  1-4 days. The larvae held for 96 hours had a m ean survival 
o f 0-8% at 4.0-5.4 ppm, 21% at 6.4 ppm, and 84% at 7.9 ppm. Even though 7.9  ppm was 146% 
saturation under the conditions tested, there was no sign o f gas bubble disease. Collins (1985) 
reported no specific data on oxygen requirements for adult mullet from  the literature. However, 
initial experiments with fish in cages reported by Collins (1985) revealed their tolerance to a DO 
level o f 4.4  ppm at 29° C and a salinity o f 28 ppt.

2 .7 .6 . Environmental Tolerances

D iet deficiencies, environm ent, including pollution, and genetic problem s can cause 
atypically shaped mullet (Paperna and Overstreet 1981). Tumors have been observed in  striped 
mullet from the northern G ulf o f Mexico and Biscayne Bay, Florida (Sinderm ann 1972, Lightner 
1974, Edwards and O verstreet 1976). Increased pollution was suggested by Edwards and 
O verstreet (1976) as the cause o f these tumors.

"Red tide" caused by dinoflagellates or dinoflagellates and bacteria have killed fishes along 
the G ulf o f M exico apparently by lowering the dissolved oxygen level when these organisms 
decompose. In addition, according to Ray and Wilson (1957), and Gates and W ilson (1960) single 
alga and bacteria-free cultures o f Gymnodinium breve, and cultures o f Gonyaulax monilata with 
bacteria, each produced one o r more substances which were deadly to striped mullet in  relatively 
low concentrations.
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Papem a and O verstreet (1981) stated quick changes in  w ater tem perature, sometimes 
associated w ith salinity levels, probably are responsible for most naturally occurring fish kills. 
A  massive kill almost completely o f striped mullet was documented by O verstreet (1974) in tidally 
influenced bayous o f the Mississippi after a period o f freezing tem peratures. W here salinity was 
greater than 6 ppt, other individuals o f Mugil cephalus did not die.

Papem a and Overstreet (1981) reported that most major kills in estuaries are due to either 
oxygen-depletion or a com bination o f the aforementioned with some other factor. According to 
Christm as (1973) striped mullet and menhaden are the most impacted species in  m ost kills o f 
unknow n cause in M ississippi.

Good water quality is not only essential for mullet and other fishes but also, for the people 
who eat them. Pesticides concentrate in mullet tissues, especially those containing lipids (Papema 
and Overstreet 1981). The authors also reported humans can concentrate pesticides in their tissues 
by eating the mullet and that mullet can die from  rapid release o f high levels o f pesticides stored 
in  its fat into the blood during starvation.
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TA BLE 2.1. Adult digeneneans in Mugil cephalus, site and locality (from Papem a and Overstreet 
1981)

PA R A SITE SITE L O C A L IT Y

Hysterolecitha elongata stomach, intestine M ississippi
M anter 1931

Lecithaster helodes intestine, pyloric, M ississippi and
O verstreet 1973 caeca Florida

Epithelionematobothrium sp. body cavity Florida
Skinner 1974

Haplosplanchnus mugilis intestine Florida
Nahhas and Cable 1964

Hymenocotta manteri intestine Georgia to Louisiana
O verstreet 1969

Schikhobalotrema elongatum intestine, pyloric Florida
Nahhas and Cable 1964 caeca

Schikhobalotrema sp. intestine Florida
Skinner 1974

Schikhobalotrema sp. intestine Florida
Nahhas and Short 1965

Chalcinotrema mugilicola intestine Louisiana
(Shireman 1964) O verstreet 1971

Dicrogaster fastigata intestine, pyloric Georgia to Louisiana
Thatcher and Sparks 1958 caeca

Saccocoelioid.es beauforti intestine, pyloric N orth Carolina to
(Hunter and Thomas 1961) caeca Louisiana

Lasiotocus glebulentus intestine M ississippi to  Florida
Overstreet 1971

Lasiotocus mugilis intestine Florida and Georgia
Overstreet 1969
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TABLE 2.2. Digenean metacercarie in Mugil cephalus (from Paperna and Overstreet 1981).

PARASITE LOCALITY

Cyathocotylidae Poche 1926 
Mesostephanus appendiculatoides 
(Price 1934) Lutz 1935

Florida

Bucephalidae Poche 1907 
Rhipidoctyle lepisostei 
Hopkins 1954

Louisiana

Didymozoidae Poche 1907 
Didymozoid larva

Mississippi

Acanthocolpidae Luhe 1909 
Stephanochasmus sp.

Florida

Heterophyidae (Leiper 1909) 
Odhner 1914
Phagicola longus (Ransom 1920) 
Price 1932

Southeastern United States
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3.0 DESCRIPTION OF THE FISHERY

3.1 History of Exploitation

Due to the variety and abundance o f more desirable species of fish in Louisiana waters, 
striped mullet were not a significantly targeted species until recently. Consequently, there is little 
documentation of the historic fishery. National Marine Fisheries Service (NMFS) records for 
striped mullet catch and landings in Louisiana are as early as 1930, although the commercial 
industry did not develop significantly until the 1970's. Commercial catches in those early years 
were probably limited to food or bait.

Recent creel surveys and historical information (or a lack thereof) suggest that striped 
mullet are not a targeted recreational fish in Louisiana (Adkins et al. 1990, Guillory and Hutton 
1990).

In all probability, the first mullet catches taken from Louisiana waters were taken by native 
Indians from tidal impoundments. Block off methods, primitive traps, baskets and nets were 
probably used by the natives to extract mullet from coastal estuaries in the past. European 
explorers and settlers may have expanded the removal of mullet from Louisiana waters during 
exploration and settlement by use of better boats, nets and fishing methods.

3.2 Commercial Fishery

The commercial striped mullet fishery in Louisiana consists of inshore and nearshore 
components. Boat size, type and size of fishing gear and fishery regulations are important in the 
divisional structure of the commercial fishermen and the area of fishing preference. The inshore 
fishery is composed mainly of smaller vessels, using hand-hauled gear. The nearshore fishery is 
composed of larger vessels, often with power reels for gear retrieval.

The striped mullet fishery is concentrated east of the Mississippi River with effort and 
catch per trip increasing during the spawning months in response to the availability of large fish 
aggregations and market demand for roe (Mahmoudi 1989).

From 1958 through 1990, Florida produced 80-90% of the United States mullet catch from 
the G ulf of Mexico (Collins 1985, Leard 1995). Louisiana's fishery has relatively recently 
expanded, mainly targeting roe mullet, and is presently comparable to Florida's recent annual 
landings.
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3.2.1 Description of Commercial Fishing Activities

The present commercial fishery is limited by statute to a season between the third Monday 
in October to the third Monday of the following January, using strike gill nets. Harvest is not 
allowed on weekends or at night. The present season structure essentially limits the harvest to the 
"roe" season. The following description of fishing activities is intended as a historical 
characterization of the fishery as it has developed.

Louisiana fishermen have utilized a variety of methods to capture striped mullet for 
commercial exploitation: mono- and multifilament gill nets, seines, trammel nets and purse seines. 
Special interest was placed on some gear types as a result o f experimental permits issued from 
1980 through 1986.

Gill nets were usually deployed by one of two methods: A. As a set net located in an area 
of dense mullet concentrations or in a location that has a channeling effect; or, B. as a strike net 
deployed in a circling manner to surround the school. Recent legislation only allows strike 
netting. Schooling mullet were often located for strike net fishermen by spotter planes until this 
practice was outlawed in 1990.

"Florida skiffs" are the dominant type vessel used in the striped mullet gill net fishery. 
Skiffs from 22 to 28 feet in length are used which often have specialized gear such as a small 
flying bridge (for spotting), lights for night fishing (pre 1995 legislation) and power rollers for net 
retrieval (Russell et al. 1986).

The maximum legal length of saltwater gill nets used in the Louisiana mullet fishery is 
1200 feet; they are constructed of 3.5 to 4.5 inch stretched multifilament mesh. The most 
common mesh size used is four-inch stretched, and the set time averages ten minutes (Russell et 
a l  1986).

Marais (1985) conducted a gill net study in an Eastern Cape estuary using multifilament 
polyester gill nets (0.5 mm thick). Each net consisted of five sections with stretched mesh 
openings of 55, 70, 85, 110 and 145 mm. Nets were set for 12 hour periods from dusk to dawn. 
Mullet catches indicated that 34% were caught around the head, 45% were caught around the 
widest part of the body, and 21 % were gill-entangled.

Few incidental species are caught in gill net and haul seines used to harvest mullet due to 
the schooling behavior of mullet. Species which are occasionally caught in small numbers during 
mullet sets are sheepshead, black drum, red drum and Spanish mackerel (Russell et al. 1987).

In Louisiana, the gill net fishery for mullet is concentrated in the area of Lake Borgne, 
Mississippi River Gulf Outlet, Breton Sound and Breton Bay (Bane et al. 1985). Since this time, 
landings data indicate the fishery has expanded westward of the Mississippi River.
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Trammel nets are a gear consisting of at least three panels or walls grouped together in a 
sandwich-like fashion. The inner panel being smaller, the outer panels are large enough to allow 
the inner panel to be pushed through them, causing a pocketing effect that entangles individual fish 
(Everhart and Youngs 1981).

Fishermen using trammel nets in the mullet fishery probably changed to a method 
consuming less time to retrieve a net set, or remove the catch, or left the mullet fishery in favor 
of other fisheries.

Permits for seine use to harvest mullet were requested in 1980, the first year of the 
experimental fishery permitting system. Seines, most commonly used in conjunction with spotter 
planes (no longer permitted), are very efficient gear for catching large numbers of mullet, as they 
do not require the time consuming process of removing fish.

A study by researchers at LSU (Russell et al. 1987) showed that seines catch a higher 
percentage of males than gill nets, causing the price per pound from a seine set to be lower than 
the price per pound from a gill net set. They found the following sex ratios from samples taken 
East of the Mississippi River in Louisiana waters:

Gill Nets Haul Seine
Male Female Male Female
15% 85% 53% 47%

Purse seines were a popular gear type utilized to harvest mullet prior to 1984, when this 
gear was prohibited by legislation. Purse seines have a purse line at the bottom of the net which 
is tightened in a draw string manner giving the net a bowl shape from which captured mullet can 
be scooped out with large dip nets (Everhart and Youngs 1981). Purse seines have the capability, 
depending on net size, of capturing over 100,000 pounds (45,000 kg) o f mullet per set. Vessels 
which used purse seines were typically 50-80 feet (approx. 15-24 m) in length, with holding 
capacities of up to 200,000 pounds (9,000 kg) (Russell et al. 1986).

Prior to 1984, purse seine vessels operated primarily in Breton Sound and offshore waters 
due to permit restrictions banning them from most inshore waters. Most purse seine operators 
transported their catches directly to processors out of state, usually in Alabama or Florida (Bane 
et al. 1985). Regulatory changes have eliminated its use since 1986 (La. Administrative Code, 
Title 76, Part VII, Chapter 7).

3.2.2 Trends in Commercial Effort and Harvest

Recent increases in effort in the Louisiana striped mullet fisheries were initiated mainly by 
the demand of Florida and Alabama processors and the influx of out-of-state fishermen exploiting 
the mullet fishery. In 1976 a market developed in Florida for mullet roe (Mahmoudi 1989),
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greatly increasing the demand for mullet. The fishery expanded to Louisiana in light of the high 
quality of roe mullet extracted from Louisiana waters (Russell et al. 1987).

As in all fisheries, supply and demand are reflected by trends in harvest and prices. This 
scenario is greatly magnified during the spawning (roe) season and is quite obvious in monthly 
harvest records (Fig. 3.2). Since roe is the most valuable of the four marketed mullet products, 
the greatest harvest of mullet takes place from October through January. The other mullet 
products are testes (white roe), stomachs (gizzards), and fillets (Bane etal. 1985).

The Hopedale-Yscloskey area in St. Bernard Parish has been the center for mullet roe 
production in Louisiana. In 1986, over 70 boats from Louisiana, Alabama, Florida and 
Mississippi, worked in St. Bernard Parish and the surrounding waters. Out-of-state fishermen 
were more experienced at netting mullet than most Louisiana fishermen, but more local fishermen 
are developing an interest in the fishery due to its obvious profit potential (Russell et al. 1987). 
Since the period from 1986 the fishery has expanded westward of the Mississippi River. The 1995 
legislation eliminating those fishermen from states with net bans from purchasing the necessary 
licenses, has effectively reduced the numbers o f fishermen in the mullet industry at present.

The history of the commercial striped mullet fishery in Louisiana can be divided into two 
periods of exploitation: pre-roe and roe market periods, the latter of which was initiated by Florida 
processors during 1976.

National Marine Fisheries Service (NMFS) records show Louisiana average landings of 
87,729 pounds (39,478 kg) of mullet for the five year period 1972 through 1976. Average 
landings of 3,494,296 pounds (1,572,433 kg) of mullet for the twelve year period (1977-1994) 
followed the development o f the mullet roe market (Fig. 3.1).

Prior to 1977, landings of striped mullet from Louisiana never exceeded a quarter of a 
million pounds with the exception of 1949 when 572,000 pounds (247,400 kg) were taken (Figs.
3.3 - 3.4, NMFS 1962-1994 Annual Louisiana Landings). For the period 1972 through 1976, 
landing records show a range of 15,845 (7,130 kg) to 213,000 pounds (95,850 kg) (Fig. 3.1). The 
twelve years following 1976 show an increase in striped mullet landings with only three years 
(1977, 1980 and 1985), falling below the one million pounds (Fig. 3.1). Records indicate that 
there was a significant harvest between June and October of 1980, 1981 and 1988 (Fig. 3.1). A 
late hurricane (Juan) followed by inclement weather during the spawning season of 1985 was 
responsible for the second lowest landing since 1976 i.e. 579,297 pounds (260,684 kg). 
Respective high (3,157,207 pounds (1,420,743 kg) in 1989) and low (204,310 pounds (91,940 kg) 
in 1980) landings of striped mullet occurred during the period 1977 through 1989. Record catches 
have occurred during the 1990's with landings data from 1994 being the highest recorded.

With demand for mullet roe continuing and with a corresponding price increase, the 
Louisiana mullet fishery has evolved from an underutilized species fishery to a viable fishery 
today.
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3.2.3 Aquaculture

Mullet does not seem to be a desirable species for aquaculture in Louisiana at this time due 
to its abundance in the wild, market competition with more desirable food fishes, and returns 
versus costs in aqua farming. However, the holding of juveniles and subadults for harvest as roe 
mullet may be possible and economically feasible if legal and technical issues with this could be 
resolved.

Futch (1966) recommended the aquaculture of mullet because they are one of the major 
species reared in the Orient and because brackish ponds closely approximate the natural habitat. 
However, Futch points out two major economic factors to be considered in mullet aquaculture: 
the abundance of fish for stocking ponds and the high cost of pond development and maintenance.

Experiments with mullet aquaculture have been carried out in the following countries: 
Italy, Taiwan, Israel, India, Pakistan, Burma, Cyprus, Yugoslavia, Greece, Tunisia, United Arab 
Republic, Egypt, France, Indonesia, Philippines, Republic of China, Hong Kong, Japan, the 
United Kingdom and the United States.

Bardach et al. (1972) stated if researchers could succeed in unlocking the secrets of 
spawning and rearing Mugil spp. on a large scale, mullet could well become the most important 
human food product of the estuarine environment.

A brief summary of the major contributions to the propagation o f mullet by artificial means 
as reported by Bardach et al. (1972) follows:

1. Artificial propagation of mullet was first achieved in Italy in 1930 by a method similar 
to "stripping" trout in hatcheries.

2. Induced ovulation and successful spawning of striped mullet by injecting ripening fish 
with striped mullet pituitary extract and the synthetic hormone Synahorin occurred in Taiwan in 
1964.

3. In 1968, researchers in Israel spawned striped mullet using three time-lapsed injections 
of common carp pituitary.

Mullet are not normally regarded as a food fish in the United States, except for Hawaii, 
Florida, Georgia and, to some extent South Carolina, Alabama and Mississippi. Therefore, they 
have received a limited amount of research from United States aquaculturists. Bardach et a l 
(1972) summarized the following experiments regarding mullet aquaculture in the United States:
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1. At Bears Bluff, South Carolina, a 0.6 hectare brackish water pond, 1 to 2 meters deep, 
stocked by natural processes and virtually unmanaged, yielded 85 to 227 kg/ha of fish, of which
47.5 to 74.2% were striped mullet, during five 6 to 13 month growing seasons.

2. Similar yields from fertilized ponds used for experimental monoculture were obtained 
at the Marineland Laboratory, Orlando, Florida.

3. A 5.6 hectare brackish water pond, 1.7 meters in depth, intended for pompano culture 
at the Florida Board of Conservation laboratory in St. Petersburg, Florida, produced a high yield 
of extraneous fish. Striped mullet and white mullet constituted the majority of the fish population 
and yielded 767 kg/ha over a two year growing period.

In Louisiana, Perry (1972) and Perry and Avault (1975) conducted monoculture and 
polyculture studies with striped mullet from 1966-1973 at the Rockefeller Wildlife Refuge, Grand 
Chenier. In 1969, a monoculture pond was stocked with 2,519 mullet/ha to determine survival 
and growth during the winter. The mullet experienced water temperatures o f 11° C with a survival 
rate o f 87% and a production rate of 352.8 kg/ha. The pond was harvested after 317 days.

A polyculture pond of Atlantic croaker {Micropogonias undulatus)ds\& striped mullet, into 
which supplemental feed was not added, was stocked the same year. Atlantic croaker survival was 
10% and contributed 63 kg/ha. At the end of the study, mullet weighed 77 grams more on 
average in the polyculture pond than those cultured alone at the same density. However, survival 
of mullet was 18% greater in the monoculture pond.

In 1970, eight ponds were stocked with mullet at the following rates: 1) Two ponds at 247 
fish/ha, 8 grams/fish; 2) three ponds at 4,940 fish/ha, 6 grams/fish, and 3) three ponds at 4,940 
fish/ha, 33 grams/fish. Supplemental feed was not added. Mullet were harvested after 181 days 
with production of 1) 60 kg/ha, 2) 191 kg/ha and 3) 454 kg/ha respectively. Ponds stocked at 247 
fish/ha were the only ones producing fish of harvestable size, averaging 380 grams (330mm). 
Approximately 65% of the fish harvested exceeded 340 grams.

During 1971, production of 1,602 kg/ha was obtained from a polyculture experiment with 
mullet and channel catfish (Ictalurus punctatus).

A polyculture experiment was conducted in 1972, stocking 4,940 channel catfish and 
14,820 mullet per hectare. A monoculture control of 4,940 channel catfish supplementally fed was 
also conducted. Catfish in the polyculture pond produced 2,353 kg/ha and had a survival rate of 
85 %. Mullet survival was 51% and averaged 59 grams. Production of catfish in the monoculture 
pond was 2,323 kg/ha with a survival rate of 91%.

In 1973, experiments were conducted with Atlantic croaker and mullet in polyculture using 
a croaker monoculture as a control. The ponds were stocked with 4,940 croaker and 247 
mullet/ha. Polyculture survival was 90% for mullet and 35% for croakers with mullet accounting
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for 136 kg/ha of the 315kg/ha of fish produced. Croaker survival and production from the 
monoculture pond was 35% and 123 kg/ha, respectively.

The Rockefeller experiments indicated mullet culture to be quite promising, though 
techniques must be improved and marketing, especially local, needs to be developed.

Mullet culture has not been developed in the western hemisphere other than the United 
States, although its potential for alleviating the serious protein problem of Latin America is 
obvious. It could also prove useful in reducing the protein supply problem in tropical Africa 
(Bardach er a/. 1972).

3.2.4 Economics of the Commercial Striped Mullet Fishery

The commercial striped mullet fishery is divided into three markets, and the dockside price 
o f each product may be different. Mullet are harvested for three general uses: as bait for fishing 
operations, as food fish for human consumption, and as a source o f fish roe. Mullet sold for bait 
typically bring the lowest dockside price, while mullet sold for roe bring the highest.

Each market supplies a different geographic region. The bait market is essentially a local 
market, providing bait to crab and trotline fishermen in coastal Louisiana. Mullet as food fish is 
mainly marketed out o f state, though a small local market exists in Louisiana. Most o f these fish are 
exported to Georgia, Florida, and Alabama. Roe mullet is either processed within the state or 
shipped out o f state for processing. The final product is intended for export to foreign countries, 
especially in Asia.

The effect o f the roe market on prices may be seen in the dockside price paid on a monthly 
basis. Figure 3.7 shows the monthly harvest and dockside prices of mullet from 1978 to 1992. 
Those months o f roe harvest (October to January) have higher prices than other months. Harvest is 
lower in October and January than in November and December. Prices will vary by month due to 
the quality o f roe, availability from other areas, and availability o f alternative species.

Figure 3.1 presents annual harvest and prices from 1978 to 1994 in Louisiana. This data for 
mullet harvest and associated price are unusual for commercial fisheries, where higher prices are 
typically associated with times of lower harvest. This may be due to the fact that Louisiana has been 
a small supplier and that Louisiana prices followed prices set in the Florida fishery. Further, the 
demand for roe increases demand and price for the fish during the roe season.

Only the female mullet has value for the production o f roe, and the presence o f significant 
numbers o f males in the harvest can affect the price o f this commodity. Males harvested in the roe 
fishery may be sold separately at a much lower price or may be included in the sale o f females with 
the reduction o f price absorbed by the entire catch. During the roe season, the harvest rate 
substantially exceeds the harvest rate at other times of the year. Therefore, there is relatively little
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directed harvest for food or bait at that time. However, the bait fishery has a ready supply of 
carcasses available from roe processors, and there is no need for quality control for mullet carcasses 
used as bait.

The price structure for mullet sold at the dock is variable and has become more complex over 
the past few years. Russell et al. (1986) described a simple price structure, with females receiving 
a higher flat rate dockside than males. More recently, common practices involve some method of 
variable pricing depending on the size (weight) o f  the individual roe, the percentage o f roe by weight 
in the female, and the percent o f females in the harvest (Table 3.1).

Prices per pound for mullet as food or bait are lower than the price for roe mullet (Figure 
3.1). Since 1990, the market for mullet as a food fish has complicated the non-roe price structure. 
Sales are unclear as to destination, and the prices collected monthly by NMFS may use an average 
price for bait and meat. However, prices adjusted for inflation have shown an upward trend.

The typical relationship between price and harvest for most fisheries is not evident for 
Louisiana mullet. In most fisheries, landings for a species or group are inversely correlated with 
dockside price. For instance, if landings increase, prices tend to decline. When price is plotted 
against monthly landings, this produces a negative slope for the regression line. This is not the 
case for Louisiana mullet. Slope of the regression line between seasonal (roe or non-roe) harvest 
and price is not significant, and very near zero (Table 3.2), or is positive. This is perhaps not 
unexpected when the Louisiana fishery is considered as a relatively small part of the regional 
fishery, which has been dominated by Florida harvest. It does have implications, though, that at 
least at harvest levels seen in recent years, the market is fully capable of utilizing the harvest. It 
also implies that at least modest increases in landings would result in minimal declines in price per 
pound.

An economic analysis of a commercial fishery will involve dockside values. However, 
using only dockside prices will not measure the total benefit of the fishery to society. Commercial 
fishermen may accept lower financial returns and more uncertain benefits to remain within their 
occupation. There may be other non-monetary values the fisherman receives, such as more 
freedom, the aesthetic setting, wildlife seen while fishing, etc. Dockside value will not completely 
capture this value.

The total benefit to consumers of mullet is greater than a dockside price. Total benefits 
include the dockside price, any value added, and the willingness of some consumers to pay more 
than the market price. Value added is any processing or preparation of the fish for consumption 
as bait, food, or roe. Some consumers would be willing to pay more for mullet than the market 
price because they derive more satisfaction from its consumption. The total benefits to the 
Louisiana economy would include all these items.
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3.3 Recreational Fishery

3.3.1 Description of Recreational Activities

Striped mullet are not a highly targeted species for sports fishermen because there is an 
abundance of more desirable sport fish in Louisiana's coastal waters and mullet are not a species 
which can be readily taken by hook due to their feeding habits. As documented by the 1984 
Louisiana Department of Wildlife and Fisheries creel census (Adkins et al. 1990) only a limited 
number of mullet were taken, and then only incidentally. Striped mullet during the 1984 creel 
survey amounted to less than 1 % of the total catch (Adkins et al. 1990).

Striped mullet are often caught by coastal inhabitants, usually by cast net, the preferred 
method of capture by recreational fishermen. These fish are taken to provide live, especially 
juveniles, or cut bait to fish for a variety o f species in near shore and offshore waters; whereas 
larger fish may be consumed as fillets or smoked. Mullet are also taken to provide bait for 
recreational crab traps. Another method of capture is to throw a treble hook into a school of 
mullet in hopes of snagging a fish when the hook is retrieved. Many local youngsters historically 
fished for mullet from docks, piers, or roadside. They were successful in catching mullet by using 
a long-shanked small hook onto which was pressed a piece of bread, not unlike a dough-ball. 
Many hours of entertainment was provided by this "fishery".

3.3.2 Trends in Recreational Effort and Harvest

Data on striped mullet recreational effort and harvest at this time are not adequate to 
establish trends. However, it would seem logical that the majority of mullet taken recreationally 
as a target species are caught during the spawning season, October-February, when mullet are 
aggregated. Harvest of young-of-the-year "finger" mullet are probably distributed over the last 
half o f the year, when mullet are available in sizes appropriate for use as bait. Saltwater 
recreational fishing effort is also higher at this time of the year than during January through April, 
so that harvest of larger mullet for bait may also increase with overall fishing effort.

3.3.3 Economics of the Recreational Striped Mullet Fishery

Recreational fishing is a highly diverse activity and has economic value. Participants are 
seeking a recreational experience and are willing to pay more for this activity than it actually costs. 
Households actually "produce" recreational trips by allocating their time, buying market services, 
and combining these with publicly provided natural resources (McConnell and Strand, 1994). The 
value o f recreational fishing is variable across individuals and trips. It will depend on many 
conditions-the quality o f fishing, the weather, the skill o f the angler, etc.
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There are two kinds o f economic value for recreational fishing. One is the access value to 
a resource. Access pertains both to the overall opportunity for fishing and to the opportunity for 
fishing in specific locations. The value of access is what anglers would pay rather than do without 
or the amount they would accept in compensation for their loss of access. The second kind of 
economic value is the value o f catching an additional fish. This is the amount an angler is willing 
to pay to catch more fish, larger fish, or more desirable fish. This amount will depend on many 
things, such as the species sought, the time when fishing takes place, the mode o f fishing, the 
weather, environment, etc.

The estimation of the value of a recreational fishery such as striped mullet will involve the 
measure of species specific effort and the expenses incurred. There have been several studies made 
to collect total numbers of recreational fishermen, percentage of fishermen targeting various species, 
average number o f fishing trips per year, and expenditures per trip. Data from these studies have 
been highly variable among studies, even over the same time period. Conclusions drawn from these 
studies should therefore be viewed with caution.

Recreational fishing effort depends primarily upon the number of fishermen and number of 
trips per fisherman. Individual fishing effort is largely a function o f the expenses incurred in the 
activity and the perceived benefits received from the activity. As costs rise and benefits remain the 
same, effort tends to decrease. Costs can increase through increased spending, in relation to other 
leisure activities, or as a fraction of disposable income. Anglers can receive both tangible and 
intangible benefits from fishing activities. Tangible benefits include the number or quality o f fish 
caught. Intangible benefits can be enjoyment of the outdoors, change in routine, companionship, etc.

Fishing effort will continue as long as the economic costs are not greater than the angling 
satisfaction (or what economists call utility). Fishing net benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at favored locations, degradation of 
aesthetic value o f trips, or from increased fishing costs.

Direct expenditures per trip for marine recreational anglers in Louisiana were estimated at 
$53 (Kelso e/tiZ. 1992), $64 (Bertrand 1984), $75 (Kelso ef <2/. 1991), and $133 (Titre e /a /. 1988). 
Direct expenditures include spending for automotive and boat fuel, lodging, food and drinks, ice, 
boat launch fee, bait, and other expenses directly related to the trip. In addition to trip expenditures, 
anglers purchase equipment (boats, motors, trailers, vehicles) and speciality gear. This equipment 
is used for more than one trip and even over several years. Their cost needs to be allocated over 
time. Published annual estimates o f these expenses vary widely depending on what is included: 
$800 (U. S. Fish and Wildlife Service 1997), $698 (U.S. Fish and Wildlife Service 1993), $824 
(Kelso et al. 1991), and $1108 (Kelso et al. 1992).

Bertrand (1984) estimated total annual expenditures by saltwater anglers in Louisiana as
180.6 million dollars. Estimates can also be calculated from other surveys. From a 1985 survey, 
the U.S. Fish and Wildlife Service (1988) estimated that state residents spent a total of $197 
million dollars on saltwater fishing expenses, including equipment and trip-related expenses.
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Nonresident anglers spent an estimated $37.6 million in trip-related expenses in Louisiana. From 
the next survey in 1991, the U.S. Fish and Wildlife Service (1993) estimated expenditures of 
158.8 million dollars by state residents on saltwater angling. As in the 1985 U.S. Fish and 
Wildlife survey, expenditures of nonresident anglers were not broken out by fresh and saltwater 
expenditures. However, from the 1991 survey data, the Sport fishing Institute estimated that 
expenditures of saltwater anglers in Louisiana total $183.3 million (Fedler et al. 1993). The 1996 
U.S. Fish and Wildlife survey reported total (fresh and saltwater) angler trip and equipment 
expenditures in Louisiana to be $824.3 million, 9.2% from non-resident anglers. From the 1996 
survey data, the American Sportfishing Association (Maharaj and Carpenter 1998) estimated that 
expenditures of saltwater anglers in Louisiana totaled $205.4 million.

Direct expenditures for the fishing trip may be less than the angler would be willing to pay 
for the whole experience. The difference between the costs of the trip and what the angler is 
willing to pay is called consumer's surplus. This is the difference between the maximum amount 
an angler would be willing to pay and what he/she actually paid fro the activity. Titre et al. (1988) 
found that the average recreational user would be willing to pay approximately $193 to $394 
annually for the right to recreate in Louisiana wetlands under certain conditions of harvest, catch, 
and amenity situations.

Mullet are seldom targeted by Louisiana recreational anglers as a food or sport fish. 
Estimates of mullet harvest by anglers in the state are highly variable, and the size frequency of 
the harvest indicates that at least some of the harvest is intended as bait. Though there is little 
directed recreational fishery, striped mullet do have value to recreational fishermen as bait for a 
wide range of species which are targeted by these fishermen.

Mullet are a relatively hardy species, easy to maintain in a live condition on board a vessel, 
so are often used as live bait. Many recreational fishermen capture mullet, rather than purchasing 
them from retail tackle and bait shops. An estimate of the value of mullet to these fishermen can 
be estimated by the cost o f alternative baits, such as live shrimp or Gulf killifish ("cocahoe 
minnow"). The price of bait in a live condition on the Louisiana coast presently is approximately 
$2.00 per dozen.

Mullet are also sold as gutted or cut frozen fish for use as cut bait or whole bait for crab 
traps, or as chum for some types of angling. In this condition, sale price to the fishermen typically 
is in the $2.00 to $6.00 per dozen range. No data on statewide sales are available for this 
resource, but it probably is only a small fraction of the statewide total harvest. At least some of 
the mullet utilized in this market are imported from other states and do not come from the 
Louisiana fishery.

Data on retail bait mullet sales are not available. Estimates of numbers o f mullet harvested 
by recreational fishermen are available from the Marine Recreational Fishery Statistics Survey 
(MRFSS), but disposition of these fish, whether they are used as bait or directly consumed, is not
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determined. Without these values, complete estimation of the value o f the species to the 
recreational fisher is presently indeterminate.
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Table 3.1. Example price matrix for Louisiana roe mullet, based on roe percentage of body 
weight and whole fish weight. In this case, the percentage of roe and count are based on sampling 
procedure below; count is the number of whole fish in a 100 pound sample. For instance, "50 c t." 
fish are 50 fish per 100 pound box, or two pounds each on the average. If  "50 c t." fish yield 16% 
roe from the procedure below, the price would be $1.30 per pound for the whole (round) fish.

Sample Roe Mullet Price Chart 
(All fish yielding 2-4 ounce red roe)

Pct\count 50 ct 60 ct 70 ct 80 ct 90 ct 100 ct >100 ct

12% $1.10 $0.95 $0.80 $0.65 $0.50 $0.35 #

13% $1.15 $1.00 $0.85 $0.70 $0.55 $0.40 *

14% $1.20 $1.05 $0.90 $0.75 $0.60 $0.45 *

15% $1.25 $1.10 $0.95 $0.80 $0.65 $0.50 *

16% $1.30 $1.15 $1.00 $0.85 $0.70 $0.55 *

17% $1.35 $1.20 $1.05 $0.90 $0.75 $0.60 *

18% $1.40 $1.25 $1.10 $0.95 $0.80 $0.65 *

19% $1.45 $1.30 $1.15 $1.00 $0.85 $0.70 *

20% $1.50 $1.35 $1.20 $1.05 $0.90 $0.75 *

No market price for fish this small

Sampling Procedure for Estimating Percent Roe:

1) From a 100 pound sample of fish, count and record the number of fish in the sample.
2) Remove all "red roe" and "white roe" from the fish. Sort the carcasses by sex.
3) Weigh male fish and gonads together.
4) Select female fish, as nearly as possible the same size and number as the removed males, 
from fish m l  included in the original sample.
5) Remove the roe from these fish, and add the roe and carcasses to the original female 
sample.
6) Weigh all o f the female roe in the adjusted sample.

The resulting weight equals the percentage o f "red roe" found in all o f the female fish in the full 
lot being sold.

If purchased, male fish are typically purchased at a greatly reduced price, based on the percentages 
obtained in step 3 above. Otherwise, the price is adjusted by the percentage of males, with no 
value being given these fish.
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Table 3.2. Relationships between price and landings for Louisiana mullet. Prices are deflated 
to 1994 dollars. Landings by gear and season (roe and non-roe), and monthly total landings are 
regressed against dockside price. Estimation function is:

Price (in 1994 dollars) =  Intercept +  Slope * Landings.

Landings
Type

Intercept
($/lb)

Intercept 
St. Err. 
($/lb)

Slope
($/lb*106)

Adjusted
r2

degression for 1986-94

Total landings 0.2969 0.017 + 0.112" 0.13

degression for 1986-89

Gill Net 0.2361 0.031 + 0.561" 0.55

Haul/Purse
seine

0.2005 0.064 +0.508 (n.s.) 0.04

Trammel 0.2644 0.128 +41.767 (n.s.) 0.15

Trawl 0.3049 0.041 +9.105 (n.s.) 0.00

Roe Season 0.5578 0.050 +0.243" 0.16

Non-roe 0.1781 0.011 -0.284 (n.s.) 0.02

degression for 1990-94

Roe Season 0.6661 0.074 +0.034 (n.s.) 0.02

Non-roe 0.3439 0.028 -0.156 (n.s.) 0.02

"slope significant at p= 0 .05  level 
"slope significant at p= 0 .01  level
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TOTAL LANDINGS AND PRICE 
OF STRIPED MULLET FROM LOUISIANA
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Figure 3.1. Seasonal harvest and prices for striped mullet landed in Louisiana. "Roe" season 
landings are from October through December, "non-roe includes January through September.
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4.0 RESEARCH NEEDS

4.1 Fishery-independent Data

There is some information to suggest that growth rates and sizes of mullet available to the 
fishery differ in various parts of the State. Identification of these variations could allow 
establishment of local regulations which could increase yield in the fishery and help distribute 
output from the fisheiy geographically. In other areas of the Gulf Coast, harvest of mullet outside 
of the roe season has utilized significantly smaller mesh nets. Since the species is abundant 
throughout the Gulf, if significant movement of juvenile and adult mullet is present, these fisheries 
could affect the availability of striped mullet to Louisiana fishermen.

Estimation of migration rates of juveniles and adults through tagging or other means would 
assist in estimating the independence of yield between fisheries with differing regulations. 
Theoretical or field studies analyzing larval drift could help to delineate regional recruitment 
effects for the species.

4.2 Fishery-dependent Data

4.2.1 Biological

The existing Louisiana fishery is predominantly a fishery for roe mullet during the fall of 
the year. This fishery predominantly uses a gill net of 3% - 4 inch mesh. The mullet at this time 
of year has a larger girth than at other times of the year. There is an increasing fishery using 3*/2 
to 33A inch mesh gill nets outside the roe season. The ages harvested by this fishery are not 
known at this time. Evaluation of the age distribution of this fishery will be necessary before the 
impact of this fishery on the roe season fishery could be quantified. A consistent fishery- 
dependent monitoring program collecting information on gears, ages, and sexes harvested would 
allow much more quantitative information on allowable harvest.

4.2.2. Social and Economic

Social and economic information is needed on participants of the mullet fishery. 
Information on other fisheries that these mullet fishers participate in, processing and marketing 
costs, investment, operating, and harvesting costs, could help identify the health o f the industry 
and impacts of regulatory changes on participants in the mullet fisheries.
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1.0 INTRODUCTION

The black drum, Pogonias cromis, is one species o f the 14 genera o f the family Sciaenidae 
recorded along the Atlantic and G ulf coasts o f the United States (Chao 1978). The Sciaenidae is 
commonly known as the drum or croaker family, because drumming sounds are produced by many 
o f its members, including the black drum. The black drum  is the largest m ember o f  the croaker 
family found in the region (Hoese and M oore 1977), with adults often exceeding 50 pounds. Chao 
(1978) reviewed the sciaenids o f the western North Atlantic, and presented a phylogeny based on 
external morphology and the morphologies o f the swim bladder and otoliths. Black drum  is the 
accepted common name for Pogonias cromis (Robins et al. 1980). Other common names include 
drum, sea drum, gray drum, banded drum, big drum, corvinon negro (Mexico), and tambour (La. 
French) (Gowanloch 1933, Hoese and M oore 1977).

1.1 Status o f the Fishery

The black drum  has become one o f the most highly sought after commercial finfish in 
Louisiana. Although its desirability among recreational fishermen may have increased to some 
degree, it still is not a preferred recreational fish.

Gear o f the recreational and commercial sectors o f the black drum  fishery are capable o f 
catching from all year classes. Due to current regulations, harvest prim arily is concentrated on 
fish two years and older. Black drum of ages from  five to 10 years (approximately 8 to 12 
pounds) have been commercially exploited to a lesser extent than other year classes due to their 
decreased availability to the fishery. Behavioral changes may make these year classes less 
susceptible to the gear and methodology o f the commercial fisherm en (Ramsey and W akeman 
1989).

Information collected since the 1960's indicates that black drum harvest ranked low among 
recreationally harvested finfish species. In 1984 a Louisiana Department o f Wildlife and Fisheries 
(LDW F) survey o f marine recreational fishermen in Louisiana indicated that 0.6%  of the 
recreational fishing effort was targeted towards black drum and that black drum  constituted 3.3% 
o f the total recreational catch. M arine Recreational Fishery Statistics Survey (MRFSS) data 
suggests that from 1980 to 1994 the percentages o f recreational fishermen targeting drums ranged 
from  0.1% to 2.3% . In Louisiana these fishermen harvested an average o f 390,264 black drum 
annually from  1980 through 1994.

D uring the 1980's the commercial black drum  fishery underw ent a period o f rapid 
expansion due to a num ber o f factors including increased participation in com mercial fishing in 
general, better marketability o f large black drum, a rise in the demand for finfish as a food source, 
and increased regulation o f the harvest o f other finfish. Louisiana com mercial landings averaged 
3,871,800 pounds annually from  1980 through 1989. In 1987 and 1988 com mercial black drum
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landings exceeded those o f all other finfish landed in Louisiana excluding menhaden and yellowfin 
tuna. Regulations w ere established in 1989 and 1990, including conservation standards and 
com m ercial quotas. In 1989 the commercial black drum  landings showed a decline for the first 
tim e, to 1986 levels. 1990 through 1994 landings increased slightly and averaged 2,944,000 
pounds annually; but 1994 black drum landings slipped to fourth place behind tuna, the expanded 
m ullet fishery, and menhaden. In 1995 landings began to decrease, and 1996 figures indicate a 
further decline to early 1980's levels.

Recent com mercial regulations have decreased Louisiana black drum  landings through 
reduced seasons for use o f netting gear, reduced harvest o f adult drum  in shrimp trawls through 
use o f turtle excluder devices (TED 's), etc. Resultant changes in effort, fishing location, and gear 
will determine future com mercial landings within established conservation standards and within 
existing regulations that define quotas and possession limits.
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2.0  BIOLOGY

2.1 Taxonomy and Nomenclature

The classification follows that o f Greenwood et al. (1966). Taxa above superorder are not 
included.

Superorder: Acanthopterygii 
Order: Perciform es 

Suborder: Percoidei 
Family: Sciaenidae 

Genus: Pogonias 
Species: cromis

The valid name for the black drum  is Pogonias cromis (Linnaeus). The following 
synonymy is abbreviated from  Jordan and Everm ann (1896).

Labrus cromis, Linnaeus, 1766
Labrus chromis, Schopf, 1788
Pogonias fasciatus, Lacepede, 1802
Mugil grunniens, M itchill, 1814
Mugil gigas, M itchill, 1814
Sciaena fusca, M itchill, 1815
Sciaena gigas, Mitchill, 1815
Labrus grunniens, M itchill, 1815
Pogonias chromis, Cuvier and Valenciennes, 1830

2.2  Distribution and Abundance

Black drum  are found along the western Atlantic coast from  the Bay o f Fundy, Nova 
Scotia, southward into the G ulf o f M exico and south to Argentina (Gilhen 1986). They are 
common from  New Jersey southward, more common from Chesapeake Bay to the mouth o f the 
Rio Grande, and are m ost abundant in the G ulf o f M exico along the Texas and Louisiana coasts 
in both state waters and the federal Exclusive Economic Zone (EEZ) (W elsh and Breder 1923, 
Silverman 1979, National M arine Fisheries Service (NMFS) landing statistics).

Black drum are common coastwide in all o f Louisiana's estuarine and offshore waters at 
various times of the year. East o f the Mississippi River black drum are more abundant, and large 
drum  can be found inshore, from M arch through September. Large black drum  can be found 
offshore during fall and w inter m onths. W est o f the M ississippi, both large and small drum  are 
m ore available November through M arch (Pearce 1989).
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2.3 Stock Identification

The black drum ranges throughout the coastal and estuarine waters o f Louisiana, and there 
is little evidence to suggest separate stocks gulfwide, though regional differences may be present. 
Ram sey and W akeman (1989) analyzed black drum  taken from gulfwide samples, from  both 
inshore and offshore areas, for 21 protein systems. These showed that populations in the eastern 
G ulf o f Mexico had a very low degree o f variability, the lowest reported for any sciaenid fish. 
Allele frequencies and cluster analyses o f the Texas populations did show strong separation from  
the eastern Gulf and may indicate a separate genetic stock. Gold et a l  (1994) checked gulfwide 
sam ples for genetic variation using mitochondrial D NA  (mtDNA). They also found that black 
drum  populations tested had "little evidence o f phylogeographic structuring... and are not strongly 
differentiated genetically." Gold et al. (1994) noted that black drum  from  neighboring localities 
had greater variation than red drum  (Sciaenops ocellatus) (indicating less frequent interestuarine 
m igration than red drum ); and that black drum  from  their western G ulf samples had two 
haplotypes that differed from  the central and eastern G ulf samples, revealing an. "isolation-by
distance effect." Karel, W ard, and Blandon (1995) further substantiated this effect and noted 
additional evidence o f  nonrandom  distribution o f alleles in Texas bays.

2 .4  Morphology

2.4 .1  Eggs

Black drum egg m orphology is typical o f the sciaenids making it difficult to distinguish 
their eggs from others o f the family (Joseph et al. 1964) Figure 1, D-G. They described the 
buoyant eggs as having a size (converted from  ocular units) ranging from  0.816 to 1.020 
millimeters (mm), with a mean diameter o f 0.928 mm, with 2 to 6 oil globules (average 2 to 3), 
coalescing to a single globule prior to hatching. Daniel and Graves (1994) indicated that the only 
m ethods to positively identify congeneric sciaenid eggs to species are to raise them or use 
electrophoresis. Daniel and Graves (1994) and H olt et al. (1988) narrow ed Joseph 's ranges for 
black drum egg diameters to > 0 .9 0  mm and averaging 1 mm.

The morphology o f black drum eggs was described by Joseph et al. (1964) from collections 
o f  w ild-caught eggs in the Chesapeake Bay area. These authors also provided a description of 
black drum larvae hatched from  the egg up 8.0 mm total length (TL). Pearson (1929) described 
larval black drum from Texas collections from 4.5 mm to adult sizes, and Jannke (1971) illustrated
3.5 and 5.5 mm specimens. Powles and Slender (1978) provided descriptions and morphometry 
o f  a small collection o f 3 .9  to 4 .6  mm drum  larvae.
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2 .4 .2  Larvae

Larvae from  cultured eggs ranged from  1.9 to 2 .4  mm TL, and from  0.7  to 0 .8  mm in 
depth at hatching; their yolk became exhausted after the fourth day at sizes o f  approxim ately 3.0 
mm (Joseph et al. 1964) (Figure 2). Larvae less than 2.0  mm TL have a continuous frnfold which 
is deepest behind the vent, the dorsal extending almost around the snout. The anus is located just 
behind the yolk sac. Pigmentation consists o f small indistinct melanophores on the head and sides 
o f the abdomen, behind the vent, and along the dorsal and ventral margins o f the mid-caudal 
region. At approximately 2.8  mm TL (two days after hatching) the frnfold is still large and 
pectoral fin buds are present; pigmentation on the head and trunk is more complete, and there are 
two large branching melanophores on the ventral and dorsal margins o f  the mid-caudal region. 
A t about 4.5 mm TL two groups o f branching melanophores appear on the tail, one slightly 
posterior to and above the vent, the other at the base o f the anal fin bud. W hen about 5.5 mm TL 
three weak spines are present on the preopercle; caudal, dorsal, and anal fins are generally 
differentiated; and Pearson (1929) noted, six anal rays are usually discernible at this time, 
separating the species from  related ones.

2 .4 .3  Juveniles

The full com plim ent o f  rays is present at 8 mm. M elanophores appear dorsally and 
laterally in groups which begin to form the five or six vertical black bars w hich rem ain until the 
adult size is reached. A t 12 mm TL fins are fully developed. By 13-14 mm TL the melanophores 
have coalesced to form  the vertical bars. A t 15 mm TL  young drum  have assumed the general 
adult shape, and acquired 11 o f the mandibular barbels characteristic o f the adults. Scales begin 
to form  posteriorly along the lateral line. All fins, with the exception o f the dorsal, are 
unpigmented (Pearson 1929, Joseph et al. 1964, Silverman 1979). Fish at 22 mm are fully scaled 
and 17 barbels are present (Thomas 1971) (Figure 2).

2 .4 .4  Adults

The following description of the black drum adult is compiled from Jordan and Evermann 
(1898), Hildebrand and Schroeder (1928), Simmons and Breuer (1962), M iller and Jorgenson 
(1973), Richards (1973), Chao (1976), Chao (pers. comm, to G. D . Johnson cited in Johnson 
1978), and Johnson (1978):

One deeply divided dorsal fin, the first part with 10 spines, the second with 1 spine 
and 19-23 segmented rays; anal fin with 2 spines and 5-7 rays; caudal with 9 dorsal and 
8 ventral primary rays, 8-9 dorsal and 8 ventral procurrent rays; ventral fins with 1 spine 
and 5 rays; scales 41-45 in a lateral series; 10 trunk and 14 caudal vertebrae; 4-6 dorsal 
and 12-16 ventral gill rakers; 7 branchiostegals. Preopercular m argin smooth. Teeth in 
jaws small, set in broad bands, none especially enlarged; no teeth on vomer, palatines or
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tongue; lower pharyngeals large, completely united, with many blunt molars at the middle 
and surrounded by strong conical teeth (Figure 1 c).

Body oblong, moderately compressed, back much elevated; ventral outline nearly 
straight, head m oderately short, snout blunt; mouth horizontal, inferior, low er jaw  
included; maxillary scarcely reaching below middle o f eye; chin with 5 pores and 12 to 13 
pairs o f barbels along inner edges o f lower jaw , the series usually extending back to below 
middle o f eye. Scales firm , ctenoid. Dorsal fin continuous, with a deep notch between 
the spinous and soft portions; dorsal spines stiff and slender, the third longest; anal fin 
short, the second spine much enlarged; caudal fin subtruncate; pectoral fins about as long 
as head. Body proportions as follows: head 2 .9-3 .4 , depth 2 .3 -2 .8 , pectoral fin 3.3-3.6 
in standard length; snout 2.8-3.7, eye 2 .8-3 .9 , interorbital 3 .0-4 .0 , m axillary 2 .5-3 .3  in 
head.

Pigmentation: Color in life blackish with brassy luster, dark above; grayish white 
below, all fins dusky o r black. Color varies somewhat with habitat; in  G ulf o f  M exico 
almost uniform ly silvery, lose crossbars early; in  bays and lagoons darker, often bronze 
along back and dirty  white on sides and belly.

2 .5  Reproduction

Black drum ova undergo a maturation process during which four distinct stages can be 
discerned: primary grow th (PG), cortical alveolar (CA), vitellogenic (V), and hydrated (H). 
Histological examinations o f black drum ovarian tissues and descriptions o f each maturation stage 
are described by Fitzhugh et al. (1987) and Parker et al. (1988).

Recent aging techniques explain apparent conflicts in historical age at m aturity estimates. 
Previously, based on scale and length frequency studies, Pearson (1929) and Simmons and Breuer 
(1962) determined that black drum mature at age two. Current evidence indicates that m ost black 
drum  mature sexually between four and five years o f age; the most commonly accepted, first age 
a t sexual maturity is four years. Using aging analyses o f  otolith annuli, Nieland and W ilson 
(1993) reported the earliest occurrence o f vitellogenesis for females and presence o f m ilt in  males 
to be age three among Louisiana black drum.

Fitzhugh et al. (1987) state that male and female drum mature sexually at between 600 and 
640 m m  (23.6 and 25 .2  in.) as defined by the size at which 50% o f individuals exhibit 
gonadogenesis. M urphy and Taylor (1989) found that in drum from  F lorida 's  A tlantic coast 
> 5 0 %  o f males and females matured at 590 mm T L  (age 4 or 5) and 650 m m  TL (age 5 or 6), 
respectively. Nieland and W ilson (1993) also noted a smaller size at m aturation for m ale drum 
in samples from the northern G ulf o f Mexico. Males matured (> 5 0 % ) at age 4, 610-620 mm fork 
length (FL) and females (=100% ) at age 5, 640-649 mm FL.
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Black drum are group synchronous, batch spawners (Wallace and Selman 1981) in which 
two populations of oocytes in ovarian tissues can be distinguished during the spawning season: a 
synchronous population o f late stage oocytes comprising the leading clutch, and a population o f 
sm aller less mature oocytes (Fitzhugh et al. 1987, Parker et al. 1988). The result is a bimodal 
distribution o f oocyte m aturation stages within the ovary. Pearson (1929) estimated a 1000 mm 
(39.4 in.) female taken from  Texas waters to contain nearly 6 million eggs averaging 0 .6  mm in 
diam eter. Fitzhugh et al. (1987), using direct counts o f hydrated oocytes, reported a batch 
fecundity range o f 0 .7  m illion to 3.8 million ova for females taken in the 1986-1987 spawning 
season. Extrapolating this fecundity and an individual spawning frequency o f seven days over a 
16 week spawning season yielded a seasonal fecundity range of 11-60 million ova. Using similar 
protocol on 23 gravid females captured during the 1987-1988 spawning season, Parker et al. 
(1988) estimated mean black drum  fecundity as 2,764 hydrated oocytes/gm ovary (range 1,587 - 
4,085) or 1.35 million ova per batch (range 0.2 - 6.1 million). Extrapolation o f these data yielded 
a seasonal fecundity o f over 40 million ova per female for the 1988 spawning season. Fitzhugh 
et al. (1993) computed batch fecundity at 1.6 million eggs for the average sized female with 
hydrated oocytes (6.1 kg eviscerated weight) taken in 1986 and 1987. Nieland and W ilson (1993) 
estim ated averages o f 1.22, 1.65, and 1.21 m illion ova for years 1988, 1989, and 1990 
respectively. Factors such as nutritional state and environment, may be im portant in variation in 
the batch fecundity rate (Nieland and W ilson 1993).

Spawning frequency, o r the number o f days between individual successive spawns, was 
calculated by Fitzhugh et al. (1987) as approximately seven days using postovulatory follicles 
(POF) and hydrated ova as indicating recent or imminent spawning. Parker et al. (1988), using 
the POF method o f Hunter and Macewicz (1985), determined that the spawning frequency for the 
1987-1988 season was approximately every 3.5 days. Thus, extrapolated over a probable four 
month spawning season, a single female black drum may spawn 20-30 times per season. Fitzhugh 
et al. (1993), and Nieland and W ilson (1993), also found evidence o f  spawning intervals o f 3 to 
4 days.

Relationships between black drum  fecundities and length, mass, and age are still poorly 
understood, though Nieland and W ilson (1993) found positive correlations. They noted that 
eviscerated body weight was the best predictor o f batch fecundity within seasons. Their data also 
indicated no sign o f senescence.

Conflicting reports o f the black drum  spawning season in the G ulf o f M exico have been 
reported in the literature. Pearson (1929) stated that black drum in Texas waters spawn principally 
from  February to M ay, but may also undergo a secondary spawn from  late July to November. 
Simmons and Breuer (1962) found ripe females from December through June, but remarked that 
the m ajority o f spawning in  Texas occurred in February and M arch with a secondary peak of 
spawning activity in May or June. A more recent study o f black drum in Texas (Cody et al. 1985) 
stated that spawning occurs from  November through April with a peak o f activity occurring in 
January to April. Jannke (1971) reported a November to March spawning season for black drum 
in the Florida Everglades. M urphy and Taylor (1989) reported that spawning occurred from
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January through April on Florida's northeast coast. Peters and McMichael (1990) found spawning 
drum  from November through May. Larvae were captured in coastal Louisiana waters in several 
plankton collections from  Decem ber through A pril (Ditty 1986). It was noted by Leard et al. 
(1993) that spawning seasons were longer in m ore southern localities.

Histological examinations o f ovarian tissues have been used to define spawning season o f 
black drum  in Louisiana waters (Fitzhugh et al. 1987, Parker et al. 1988, Fitzhugh et al. 1993, 
Nieland and Wilson 1993). Over the period 1987-1990, early stage m aturing oocytes (CA) were 
found in late October to early November samples (Figure 3). By D ecem ber o f each year later 
stage vitellogenic oocytes w ere common indicating imminent spawning. Postovulatory follicles 
(POF), definitive evidence o f recent spawning, were first detected in mid-February 1987 and mid- 
January 1988. Females with hydrated oocytes sampled in early D ecem ber 1988 would account 
for the occurrence of larval black drum in Louisiana waters during this season as reported by Ditty 
(1986). The end of the spawning season, as indicated by late stage atresia (reabsorption) o f yolked 
oocytes, is M ay. No evidence o f a secondary peak in spawning activity has been observed in 
Louisiana waters.

Increases in both female and male gonosomatic indices (GSIs) correspond to the late 
autum n increase in oocyte m aturation and further serve to delineate the black drum  spawning 
season (Fitzhugh et al. 1987, Parker et al. 1988, Nieland and Wilson 1993). M ean GSIs for both 
sexes show precipitous increases beginning late October to m id-Novem ber, peaking in M arch. 
A return to near resting levels is noted by May. Data from 1987 to 1990 indicate that GSIs in both 
sexes displays a single annual peak (Figure 4).

In Louisiana, ripe black drum w ere found at water temperatures o f 15-25 °C (60.8-77.0 
°F) from  January to M ay (Fontenot and Rogillio 1970, Saucier and Baltz 1993).

A review o f literature sources (Pearson 1929, Simmons and B reuer 1962, Jannke 1971, 
O sburn and M atlock 1984, Fitzhugh et al. 1987, Parker et al. 1988, Saucier and Baltz 1993) 
indicate black drum utilize both inshore and offshore environments for spawning, often in or near 
passes and channels.

D id  timing o f  spawning is thought to be near dusk based on drum m ing behavior and the 
developmental stages o f  eggs in ichthyoplankton samples (Mok and G ilm ore 1983, H olt et al. 
1985, Fitzhugh et al. 1987, Saucier and Baltz 1993). Generally, spawning occurs in early 
evening, one to two hours after sunset (Holt et al. 1985, Saucier and Baltz 1993), from  November 
through May, peaking in February and M arch according to these researchers. They found drum  
to spaw n predominantly in shallow G ulf waters and the nearby passes, and channels between 
barrier islands. Spawning occurred during certain average physical conditions: w ater depth 9.2 
m , salinity 18 to 27 parts per thousand (ppt), w ater temperature 20.8*0, current velocity 34.0 
cm /s, dissolved oxygen (DO) 12.3 mg/1 (Saucier and Baltz 1993). Larvae move inland and young 
develop inshore. The spawning ritual if any, has not been documented. Saucier and Baltz (1993)
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noted peak spawning occurring at new and full moon phases when eggs would be transported 
seaward.

Fitzhugh et al. (1993) found a divergence in sex ratio for fish from  commercial gears used 
in inshore versus offshore waters, primarily during reproductive periods, suggesting a segregation 
o f sexes at that time.

W hile migrating, the black drum make a drumming sound which is audible from  a boat 
(Pearson 1929). Thomas(1971) indicated that female drum are also capable o f producing sounds. 
Chao (1976) reports that a drumm ing muscle is present in both males and females, how ever the 
females drum  in a softer tone than males.

Saucier and Baltz (1993) found positive correlations o f drumming fishes' school size and 
dissolved oxygen, temperature, and water velocity. Simmons and Breuer (1962) reported black 
drum  schools occur where preferred food is abundant. It has further been noted that black drum 
form  schools prior to spawning only to disperse after spawning (Silverman 1979). During 
reproductive periods the ratio o f male to female drum increased offshore (Fitzhugh and Beckman
1987). Render and Parker (1987) found large black drum  schools off the Louisiana coast from 
late summer through spring. However, decreased catches made by the northern G ulf purse seine 
fishery for black drum indicate that schools may disperse during the w inter months and perhaps, 
move to near-shore spawning areas.

2 .6  Age and Growth

Pearson (1929) and Simmons (1957) have reported lengths at age for black drum  from 
Texas waters. Pearson (1929) used length-frequency analysis to report modal lengths o f 250 mm 
(9.8 in.) and 370 mm (14.6 in.) at the end of the first two years. Other year classes could not be 
discerned due to overlap within year classes. Scales were used to age fish up to four years, after 
which calcification made them unreadable. Simmons (1957) reported lengths o f 225 mm (8.9 in.) 
and 285 m m  (11.2 in.) at the end o f the first two years. Simmons and Breuer (1962) reported, 
based on tag recaptures, that black drum reached a length o f 210-250 mm (8.3-9.8 in.) in one 
year, 290-330 mm (11.4-13.0 in.) in two years, and 400-430 mm (15.7-16.9 in.) in three years. 
M urphy and Taylor (1989) found an average growth rate o f 100 mm per year for ages one to 
three, and 10-30 mm per year for fish 15 through 20 years.

Matlock et a l  (1993) found the scale method for aging black drum up to four years is also 
valid and more cost effective than otolith ageing. Richards (1973) reported age and grow th rates 
for black drum from V irginia waters using scales, time sequential sampling o f juveniles, and 
com puter extrapolation. Scales were reported as unreadable after approximately seven years of 
age. Richards' age estimation using black drum scales has not been validated . Using length-age 
and weight-age curves, Richards (1973) postulated maximum ages for black drum o f 35 years or 
more. Matlock (1990) reported average maximum total lengths and age in Texas waters at 1000-
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1200 mm TL and 13 plus years, respectively. M urphy and Taylor (1989) estimated a maximum 
o f 58 years based on otolith annuli from F lorida 's northeast coast.

A standard length (SL) - total length (TL) relationship obtained for Louisiana black drum  
ranging from 44 to 1061 m m  (1.7 to 41.8 in.) T L  by Hein et a l  (1980) was: SL =  0.8331 TL - 
8.6854 (n = 7 4 9 , r= 0 .9 9 9 ). The length-weight (W) relationship com puted was Log W =  2.971 
Log TL - 4.8176 (n= 750 , r= 0 .9 8 9 ). Beckman et al. (1988) obtained a fork length (FL) - weight 
relationship for black drum  from  180 to 1180 mm (7.1 to 46.5 in.) FL  of: Log W -  3.05 Log FL 
- 4.943 (n= 2259 , f = 0 .9 7 ). Geaghan and Garson (in Leard et al. 1993) modified Beckman's log 
form ula for converting F L  to TL:

TL =  0,03743*FL! 0265

Von Bertalanffy growth models have been obtained for black drum  tagged and recaptured 
from  inshore Texas waters by Doerzbacher et al. (1988). Growth m odels were fit by excluding 
the coldest 120 days o f the year, and growth parameters obtained were: K  =  0.219 (SE =  0.027), 
and L„ =  798 (SE =  42) mm.

Beckman et al. (1988) validated age estimates for black drum  from  inshore and offshore 
Louisiana waters using otolith sections. M axim um age reported was 43 years. An initial rapid 
grow th rate was observed for black drum until approximately four years o f age (630 m m  FL). 
Growth rate o f older fish decreased, although, significant growth in length and weight continued 
to  maximum ages sampled. The transition in grow th occurred at an age which corresponded to 
age at maturity for black drum. Separate von Bertalanffy growth models w ere fit for each o f these 
growth stages. Growth param eters for prim arily immature fish were: K  =  .0884, L. =  1745, 
t0 =  -1.140, and for prim arily mature fish: K  =  .0110, L „ =  1745, t 0 =  -36.68. Growth 
param eters for a single von Bertalanffy grow th curve fit to all ages o f  black drum  were: K =
0.0540, t,, =  -12.6, and 1 ^= 988 .8 , however, this model did not describe the growth o f immature 
black drum very well (Beckman et al. 1990). It was noted that due to the extreme variability in 
age at given sizes, length o r weight could not be used to accurately estimate age o f m ature fish.

Geaghan and Garson (1989, unpublished) developed a modification o f the von Bertalanffy 
growth equation, a sloped asymptote model. G eaghan's modification consists o f redefining L from 
a single constant to one w hich increases as a linear function o f age:

L „  =  B 0  +  B j  ,  t

where B0 and B, are the intercept and slope o f the regression of L, on t. Substituting into the von 
Bertalanffy equation the model obtained is:
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The resulting equation, when fitted to data o f Beckman et al. (1988, unpublished) provided an 
exceptionally good fit (Figure 5). Estimates o f length at age based on this function are illustrated 
in Tables 2.1 and 2.2 . The specific equation fit is o f the form:

Lt= (610.0  +  9.959 . t ) f i

Geaghan and Garson (in Leard et al. 1993) preferred the Gompertz, sloped asymptote model:

w ( V 6i)e -ta

Beckman (1989) reported age distributions for the harvested black drum  population, noting 
ages ranging from one to 36 years, and unexplained dominant age classes occurring every four to 
five years.

2 .7  M ovements/M igrations

Larvae and small black drum tend to travel inland with incoming tides. Thomas and Smith 
(1973) noted that young drum  entered a ditch accessible to them only on a flood tide. They 
hypothesized that the young were responding to higher temperatures and chemical clues from  the 
m arsh w ater flowing out o f  the ditch: "In earlier collections most young drum  taken along the 
beach w ere near the outflow o f the ditch, indicating a positive response to m arsh w ater." 
Simmons and Breuer (1962) also noted that there is a temporary surge towards fresh water. 
Thomas (1971) indicated that as the black drum  grew , larger individuals would generally begin 
to move first.

Peters and McMichael (1990) noted 150 - 200 mm SL juvenile drum  moved in the fall from 
shallow, muddy-bottomed areas o f Tampa Bay into open waters o f river mouths, bays, passes and 
nearshore Gulf.

Juvenile o r adult black drum  are present in Louisiana estuaries year-round, with an 
apparent increase in numbers inshore during M ay through July east o f the M ississippi River 
according to commercial landings catch per effort data reported by Bane et al. (1985).

Fontenot and Rogillio (1970) recorded peak catch per effort from trammel net samples for 
the years 1960 through 1968 in the Biloxi M arsh Complex from  April through August, with a 
lesser peak in December.

Inshore, commercial gill net fishermen in southeast Louisiana reported decreased fishing 
effort in late fall and winter for black drum due to migration o f these fish from  Lake Pontchartrain 
and Lake Borgne to offshore waters and an increase in availability o f red drum  (H. Pearce, pers.
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com m .). Through 1987 black drum  landed during cooler months were prim arily harvested by 
purse-seine vessels fishing in waters greater than three miles offshore (NM FS landing statistics). 
A n aerial survey was conducted in 1987 to characterize distribution o f red drum  (Lohoefener et 
a i  1988). This survey also found large schools o f black drum located offshore, often associated 
w ith cownose rays (Rhinoptera bonasus), either mixed with or following foraging schools, and 
to a lesser extent associated with red drum and crevalle jacks (Caranx hippos). The schools 
sighted ranged in (estimated) size from 5,000 - 100,000 pounds, with m ost schools estimated at
20,000 - 60,000 pounds (Ren Lohoefener pers. corr. 1989).

Though Rogillio (1982) reported a tagged black drum had traveled 103 km (64 miles) 
eastward, most stay in a general location for extended periods. O sbum  and M atlock (1984) found 
that from  a group of 68 drum  tagged at one site, three were recaptured approximately two months 
afterwards, and three almost five months later. All were recaptured within 2 km (1.2 miles) o f 
the tagging site.

According to O sbum  and Matlock (1984) black drum are common throughout Texas bays. 
They noted substantial intrabay movements, suspected to be induced by the drum 's constant search 
fo r sessile molluscan foods, and little interbay movements. From  tagging studies utilizing fish 
210-510 mm (8.3-20.0 in.) TL , they reported few fish returned to the bay tagging location from 
G ulf waters. Almost half o f the tagged black drum  (44%) recaptured moved more than 10 km  (6.2 
miles). O f the fish which left the bay where originally tagged, 75% w ere recaptured in adjacent 
bays. Recaptures in the G ulf o f Mexico only accounted for 1 % o f all returns. Five o f six returns 
in the G ulf had moved in excess o f 30 km (18.6 miles) and two had moved great distances o f 204 
and 241 km(127 and 150 miles). Four o f the six had been released w ithin 15 km  (9.3 miles) of 
a bay to G ulf pass.

O sbum  and M atlock (1984) stated large black drum  reside principally in G ulf waters. 
C ody, Rice, and Bryan (1985) caught drum  505-1000 mm (19.9-39.4 in .) T L  in the G ulf o f 
M exico at depths from  5-37 m (16.4-121.4 ft) from  October to April. They caught none in the 
summer but suggested that higher metabolic rates allowed the fish to escape the gear. Ross et al. 
(1983) captured black drum  221-991 mm (8.7-39.0 in.) TL each month o f the .year except July and 
October while working in Texas coastal waters. The black drum w ere found to a depth o f  27 m 
(88.6 ft) from  January through M arch, being less common from July through November.

Saucier and Baltz (1993) observed highest frequencies o f large spawning aggregations of 
black drum  in and near passes west o f the M ississippi River from January through A pril. Their 
data indicated strong positive correlations with dissolved oxygen levels ( >  9.6  mg per liter). 
They found correlations with temperature and current velocities; the range o f several physical 
param eters were noted in which aggregations o f various numbers gathered (see 2.10).

Adults evidently enter bays from  mid to late April and leave during early June, probably 
for spawning purposes (Thomas and Smith 1973). Richards (1973) reported that black drum 
school during the A pril-June spawning run and that they dispersed throughout Chesapeake Bay
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after spawning. Young-of-the-year could be caught in the fall during an apparent mass emigration, 
responding to a decrease in w ater temperature.

Adult black drum have been reported to school occasionally to feed where food is plentiful, 
and spawning schools have been noted. It was also noted that in 1953 most bivalves were 
destroyed in upper Laguna M adre causing a mass exodus o f black drum  (Simmons and Breuer
1962).

2 .8  Pathology/Parasitology

In certain samples o f formalin fixed ovarian drum tissues, bacterial infections w ere found 
(Nieland and Wilson 1995). These were characterized as "...large (8-10 urn), gram-positive 
rods." Initially, the report o f this infection raised concerns that it could affect reproductive 
capacity o f the affected fish. Since that first report, it has been concluded that these infections 
w ere artifacts o f poor tissue preservation based on evidence such as: the site o f infection was 
primarily in the central core o f the ovaries, incidence o f infection was proportional to ovary mass, 
and when strict preservation techniques were adhered to the incidence o f infection was drastically 
reduced.

The internal parasite m ost commonly found in large black drum  is the tapeworm  larvae 
Poecilancistrium sp.. Though these are not harmful to humans (the adult stage occurs in the 
stomach o f  certain species o f shark) they are removed during processing as they are unappetizing 
and further reduce the marketability of large drum. Overstreet (1977) found Poecilancistrium 
catyophyllum and Pseudogrillotia pleistacantha in large black drum.

Silverman (1979) reported that, "Ectoparasites are fairly com mon on black drum . They 
include the copepods: Caligus repax Milne Edw ards, C. bonito W ilson, C. latifrons W ilson, C. 
pelamydis Kroyder, and C. haemulonis W ilson. The isopod Nirocila acuminata Schioedte and 
Neinert was taken from black drum by Bere (1936) and Simmons and Breuer (1962); and Thomas 
(1971) found Livonica ovalis on fish collected in Delaware. They probably are the cause o f 
damage to the gill filaments and gill covers o f some fish."

Henderson-Arzapalo et al. (1994) reported mild infestations o f the branchiuran parasite 
Argulus sp. on eight inch, pond raised black drum, and further noted heavier infestations on black 
drum  x red drum  hybrids.

2 .9  Food Habits/Trophic Relations

Black drum feed during daylight hours and at night, but feeding is less intensive in early 
morning hours (Thomas 1971). While feeding, black drum  occasionally dredge the bottom, 
creating turbid plumes in the water column which are often easily visible from  the air, enabling
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spotter planes to locate large schools. In shallow waters their fins are often visible above the 
surface, "headstanding" or "flagging" while feeding (Pearson 1929, D arnell 1958, Dugas 1986).

Studies o f black drum  nutrition have indicated that its diet varies depending on the age and 
size o f the individual. Dugas (1986) reported results from a stomach analysis o f black drum  in 
and near Barataria Bay, Louisiana. Using five size class divisions, he found that for juveniles less 
than 100 mm (3.9 in.) TL , 36.9%  o f the stomachs contained arthropods with about half o f these 
crustaceans and half insects. Mollusks composed 17.9% , all o f which w ere pelecypods. D w arf 
surf clams, Mulinia lateralis, were found in 9.5% o f the stomachs, and 1.2% contained the oyster, 
Crassostrea virginica. Annelids were observed in 15.5% of stomachs divided almost evenly 
between oligochaetes and polychaetes. Only 11.9% o f the stomachs contained fish.

In fish o f 201-300 m m  (7.9-11.8 in.), 50% of the stomachs contained arthropods, most o f 
w hich were crustaceans. M ollusks were found in 22.2%  of the stomachs, all o f w hich were 
pelecypods. M. lateralis, Donax variabilis, and Amygdalum sagittatum each com prised 5.6%  of 
the total number. Annelids were recorded in 27.8%  of the examined stomachs, with m ost being 
polychaetes; 19.4% contained fish.

In the 301-400 m m  (11.9-15.7 in.) T L  drum , 68% of stomachs contained arthropods, 
mostly Crustacea. Mollusks were found in 45.5%  of the stomachs, significantly m ore than the size 
classes o f less than 300 m m  TL. Also significant is the 4.5% of stomachs that contained oysters. 
M. lateralis increased to 9.1%  and only 4.5% contained annelids, all o f which were polychaetes. 
Fish were in 31.8% of the stomachs.

In the greater than 400 mm (15.7 in.) TL  size class, 46.7%  o f the stomachs contained 
arthropods, predominantly Crustacea. There was a four fold increase (to 16.7%) in the frequency 
o f oysters found in stomachs, and Mulinia sp. remained about the same at 10.0% . Annelids (all 
polychaetes) and fish com prised 10% and 26.7%  o f stomach contents, respectively.

Generally, arthropods w ere dominant in all size groups except those larger than the 400 
m m  size class, where an equal number o f mollusks were found. The frequency o f mollusks 
increased throughout the fishes' size range. Pearson (1929) found a similar increase, and a 
decrease in the frequency o f crustaceans with a steady rise in mollusk percentages for black drum 
80-990 mm TL. Arthropods in small black drum stomachs were relatively small and soft bodied. 
In fish less than 100 m m  (3.9 in.), insects (Family Corixidae) almost equaled the frequency of 
crustaceans. The frequency o f shrimp and large crabs (portunids) increased with increasing fish 
size.

Mulinia lateralis occurred at about the same percentage in all size groups o f fish. This 
clam  is very common in all black drum habitats except the beach w here it is replaced by Donax 
variabilis (Dugas 1986). Pearson (1929) and Breuer (1957) found that black drum  ate mostly 
Mulinia sp. along the Texas coast.
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Darnell (1958) found that 65% of black drum stomachs contained mollusks, predominantly 
the clam Rangia cuneata in Lake Pontchartrain, Louisiana. The mud crab Rithropanopeus harrisii 
made up 12% o f the black drum  stomach contents. Other field observations, coupled with the 
stomach content data led Darnell (1958) to conclude that R. cuneata is the staple food o f black 
drum  greater than 100 mm TL  in Lake Pontchartrain. Darnell (1958) also reported that he had 
indirect evidence, from field observations of shell fragments in the buccal cavity, that black drum 
were capable o f eating larger hard shelled mollusks. Pearson (1929) correlated food with the 
environment in which the fish feeds, noting that black drum are most abundant in shallow muddy 
lagoons where pelecypods (specifically Mulinia) are common.

Dugas (1986) observed oysters as the dominant mollusk in the stomachs o f 700-900 mm 
(27.6-35.4 in.) size fish caught in an area heavily used for oyster culture. However, only two 
sm aller fish contained oyster shells, and these were believed to be ingested incidently while 
feeding. Simmons and Breuer (1962) found the mussel Brachiodontes exustus and no oysters in 
the stomachs o f drum observed feeding on or near oyster reefs in Baffin Bay and Laguna M adre, 
Texas.

A nnelids, predominantly polychaetes, w ere the most common in the smallest three size 
groups of fish. Pearson (1929) also found a high incidence o f polychaetes in black drum  80-200 
m m  (3.1-7.9 in.).

Dugas (1986) concluded from  his study and other data that black drum  are opportunistic 
feeders. The diversity o f food types found are illustrated as follows: Gunter (1945), Copano and 
Aransas Bays, Texas - crustaceans (amphipods and blue crabs); Pearson (1929), Corpus Christ!, 
and Breuer (1957), Baffin Bay and Laguna M adre - M. lateralis-, Kemp (1949) and M iles (1949), 
Aransas Bay, Texas - shrimp; Darnell (1958), Lake Pontchartrain, Louisiana - Rangia cuneata; 
Fontenot and Rogillio (1970), Biloxi M arsh, Louisiana - R. cuneata, oysters, and crustaceans; 
O verstreet and H eard (1982), M ississippi Sound - hooked mussel (Ischadium recurvum).

Dugas (1986) concluded that the differences in feeding habits between his study and others 
w ere due to: 1) spatial and temporal distribution o f prey species, and 2) size o f black drum 
exam ined. Captured 400-600 mm (15.7-23.6 in.) TL drum were observed eating 25-50 mm 
oysters and smaller black drum  were believed to eat soft-bodied insects and polychaetes, fish, and 
fragile shelled mollusks such as Mulinia sp. Cave (1978) reported that adult black drum  up to 900 
mm (35.4 in.) T L  ate oysters 25-75 mm and larger drum  ate oysters from  25-115mm.

Part o f the reason for changes in diet from smaller to larger size black drum  is the 
development o f pharyngeal teeth and associated musculature which allows larger fish to crush 
heavy shells o f oysters and other strong shelled mollusks (Figure 6). A ccording to Cave (1978) 
the ability o f the drum to fit the oyster within the pharyngeal teeth is the limiting factor to what 
size they will consume. Additionally he found that drum  greater than 300mm can consume an 
average o f one oyster per pound o f body weight per day.
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Cate and Evans (1994) found evidence that, with minimal population estimates, black drum 
from  Texas waters are responsible for processing in excess o f one m illion kg o f shell material 
annually (including gastropods and bivalves). They were unable to find any characteristic 
abrasions, dissolution, or markings on shell material due to drum predation/digestion, and noted 
a lack o f any alteration other than fragmentation. It was also noted that though transport o f shell 
material by such a mobile molluscan predator would be expected, very little evidence o f this could 
be found. M ost drum stomachs contained only materials found at the locations w here they were 
captured.

Oyster fishermen have long reported black drum  predation on oysters and have employed 
several methods to prevent this, such as: hanging dead drum  from  poles on the reef, setting gill 
nets, building fences to prevent entry, beating the w ater with poles, and using gas hazing cannon 
to  scare the drum. These efforts have met with limited success. The small seed oysters, single 
oysters, and oysters which have been stressed are noted to be most susceptible to drum  predation.

Adult black drum have very few competitors in other fish but must compete with the oyster 
drill {Thais haemostoma) and other molluscan predators for their principal food source. W hile 
not much information on the black drum 's competitor/predator relationship exists, they are known 
to feed on sm aller fish, crabs, and shrimp and they compete with other organisms that do the 
same. As adults their principal food source is mollusks, therefore they have few com petitors in 
other fishes.

Once they reach maturity, they have no known predators other than man. As juveniles and 
larvae they may fall prey to any number and variety o f predators. Various authors (Cowan et al. 
1992, Saucier and Baltz 1993) give evidence that ctenophore and various hydromedusae predation 
can be a significant factor in egg and early larval drum  survival.

2 .10  Habitat Requirements

Pearson (1929) indicated that most o f the black drum population along the Texas coast was 
in small shallow, muddy bays such as Oso and Nueces Bays. Fox and M ock (1968) collected 
black drum from Barataria Bay in shallow, turbid water having shore vegetation {Spartina) to the 
w ater's edge with shell reefs on a fine silt bottom. Black drum have been taken at offshore depths 
o f  48.8  m (160 ft), but not at 100 m (328 ft) (Ross et al. 1983). This m ay indicate a preference 
for shallower waters, although gear avoidance may have precluded capture at depth.

Spawning areas, in deeper water offshore, or in bays and channels are occupied in late fall 
and winter with 90% o f the spawning occurring in February and M arch (Simmons and Breuer 
1962, Beckman et al. 1988, Parker et al. 1988, Fitzhugh and Beckman 1987). According to 
Beckman et al. (1988) black drum  evidently do not enter into the offshore spawning population 
until maturity (4-6 years o f age). Because this age group was essentially missing from collection
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efforts throughout the G ulf region, Ramsey and W akeman (1989) suggest that fish in this age 
group may either inhabit unsampled habitats or be dispersed prior to entering the offshore 
spawning population (and not recruited to the sampling gear).

Black drum are most abundant in shallow muddy lagoons where pelecypods are abundant 
(Pearson 1929). Simmons and Breuer (1962) intimated that movement and location o f black drum 
in Texas bays was determined mostly by adverse conditions (lack o f food) and that when food was 
abundant there was little intra- or inter-bay movement. However, Thompson and Fitzhugh (1985) 
noted that prior to 1981 the black drum landings "peaks and valleys" coincided with high and low 
salinities.

In the Delaware Bay region small individuals enter the upper estuaries in early June and 
congregate in still waters o f  creeks and ditches. In late June, when about 30-50 mm (1.2-2.0 in ), 
they begin moving out o f these shallow areas, and by August young are evenly distributed in the 
river systems. They start entering the bays by early September (Thomas and Smith 1973).

Juvenile black drum  are usually located in areas o f low current velocity o r little tidal 
influence, such as creeks, ditches, channels, stagnant sloughs, and boat basins. They prefer 
nutrient rich marsh situations near muddy bottoms and occasionally near sand and gravel bottoms 
(Thomas 1971, Richards 1973, Peters and McMichael 1990). Thomas and Smith (1973) found 
young black drum in salinities o f 0-28 ppt, but suggested that factors such as bottom type, current, 
and temperature are more critical in determining habitat o f the young than salinity.

Slightly larger black drum  are found in open waters, bays, and lagoons. They prefer 
habitats such as Laguna M adre and Baffin Bay which are utilized by all year classes o f black drum 
(Simmons and Breuer 1962).

The most common species captured with young drum (less than 50 mm) in the m arshes of 
the Delaware River system (salinity 0-6 ppt) were Fundulus heteroclitus and Morone americana 
(Thom as and Smith 1973). According to Frisbie (1961) fishes associated with juvenile black 
drum , greater than 100 mm in the Chesapeake Bay area, were a few euryhaline freshwater forms 
and the rest were eury haline estuarine species, including: Ictalurus nebulosus, Notropis hudsonius 
amarus, Lepomis sp., Morone americana, Morone saxatilis, Anchoa mitchilli, Menidia beryllina, 
Apeltes quadracus, Cyprinodon variegatus, Fundulus heteroclitus, and Gobiosoma sp.

From  LDW F bag seine samples o f drum  from 73 to 390 mm (taken 1985 through 1990) 
the most commonly associated species in order o f relative occurrence were: Brevoortia patronus, 
Anchoa mitchilli, Micropogonias undulatus, Sphoeroides parvus, Menidia beryllina, Ariusfelis, 
Leiostomus xanthurus, Cynoscion arenarius, Mugil cephalus, Membras martinica, Cynoscion 
nebulosus, Citharichthys spilopterus, Lagodon rhomboides, and Fundulus grandis.

A dults, as previously noted, are often associated offshore with cownose rays, crevalle 
jacks, red drum, and pompano (Lohoefener, pers. comm.).
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2.11 Environmental Tolerances

Black drum are often found in hypersaline waters but are considered euryhaline because they 
can quickly adapt to a wide range o f salinities (Simmons and Breuer 1962). LD W F fishery 
independent net samples (1985 through 1990) found juvenile drum  in inshore waters at salinities 
ranging from  0.0 to 35.9 ppt, and temperatures from  7 to 3ETC.

Adults have been taken from  areas that exhibit a broad range o f physicochemical traits. 
B arrett et al. (1978) collected black drum 160-870 mm (6.3-34.3 in.) T L  from  the Tim balier 
Island area and offshore with ranges o f salinity at 0.7-20.7 ppt, temperature at 8.6-31.5 °C (47.5- 
88.7 °F), and dissolved oxygen at 5.2-11.8 mg/1. Samples (1978 through 1989) associated with 
L D W F's Louisiana Offshore Oil Port (LOOP) monitoring program  found juveniles in salinities 
from  0 .8  to 33.8 ppt, and adults at 21.1 to 36.7 ppt.

In developing spawning suitability indices, Saucier and Baltz (1993) found several positive 
correlations o f physical conditions and spawning aggregations o f drum: dissolved oxygen (DO) 
from  9.6  to 13.8 mg/1 (=  parts per million) (no drumming was observed below 9 .6  mg/1); 
salinities from  10.0 to 27.0  ppt (no drumming was observed below 10 ppt); tem peratures from
15.0 to 24.0°C (no drumming was observed below 15 or above 24?C); current velocities from  2.0  
to 70.0 cm/sec (the velocity suitability increased as current velocity increased); and, w ater depth 
ranges from  1.2 to 48.8 m  (most observations occurred from  4 to 10 m).

Black drum have been found in salinities ranging from 0 to 80 ppt. M any adults found in 
salinities o f 80 ppt had glazed eyes, or w ere blinded, and some had lesions on their bodies 
(Simmons and Breuer 1962). Simmons and Breuer (1962) noted that adults are commonly found 
in ranges o f 25-50 ppt. Gunter (1945) caught black drum of various sizes in Texas bays in salinity 
ranges o f  2 .6  to 34.9 ppt and found them to be most abundant between 10.0 to 15.0 ppt. In 
coastal Louisiana, from April 1968 through M arch 1969, black drum  w ere caught from  salinities 
o f 0 .2  to 24.9 ppt; the size range o f these fish was 45-370 mm (Ferret et al. 1971).

Fontenot and Rogillio (1970) reported no correlation o f salinities to sampling success but 
peak catches were observed in salinities o f 15 to 20 ppt. Rogillio (1975) noted that they had little 
effect on black drum, and Frisbie (1961) found no evident correlation between size o f  fish and 
salinity. Black drum have been observed in w ater temperatures ranging from  3 to 35 °C (37.4-
95.0 T ) .

Frisbie (1961) reported an observation by T. H . Bean (1902) that a low water temperature 
o f 3.3 °C (37.9 °F) killed young black drum  in captivity. Simmons and B reuer (1962) reported 
a freeze in 1951 killed more black drum than trout and red drum, but the black drum  populations 
apparently recovered much m ore rapidly. They also observed that after a sudden decrease in 
w ater tem perature (to 3 .0  °C in Laguna M adre) black drum moved to deeper water. H owever, 
according to Pearson (1929), black drum are extremely hesitant to move from  shallow intercoastal
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waters o f  Texas; as a result, drastic decreases in water tem perature often result in great 
mortalities.

After the passage o f Hurricane Andrew in August, 1992 about 27,000 (mainly adult) black 
drum were found dead in the path o f the hurricane, on Point au Per Island, Louisiana. They were 
part o f a multi-species kill that involved an estimated 9.4 million fish, mainly G ulf menhaden, 
Atlantic croaker, and striped mullet. The cause o f this kill was never specifically identified, but 
the location implied some association with the passage o f the storm, perhaps interacting with 
hypoxic offshore waters (LD W F, unpublished 1992).

Black drum  are not adversely affected by turbid waters, though Rogillio (1975) noted 
larger catches in lower turbidities. Simmons and Breuer (1962) observed black drum  apparently 
thriving in turbid water only four inches deep where the temperature was 35 °C (95.0 °F).

Thomas (1971) caught black drum while oxygen was 3.4 parts per million, temperature
35.2 °C (95.4 °F), and salinity 25 ppt. He also noted oxygen ranging from  4.5  to 10.5 ppm with 
temperatures 21.5-28.5 °C (70.7-83.3 °F), and salinities 0-6 ppt, where he caught several young 
black drum  (mean lengths 10.1-36.8 mm TL).
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3 .0  DESCRIPTION OF TH E FISHERY

3.1 History o f Exploitation

There is little docum entation o f the earliest recreational activities directed toward black 
drum. Pearson (1929) in describing the drum 's affinity for shallow waters stated, "It has been said 
that in past years farm ers were accustomed to chase the large 10 to 40  pound drum  over the 
shallow mud flats with pitchforks, such chase, o f course, furnishing a considerable amount o f thrill 
as well as fish."

H istorical inform ation and recent creel census show that black drum  are not a primary 
target species among recreational fishermen. This is evident in the NM FS, MRFSS records listing 
the stated target species o f groups o f recreational anglers in the Gulf o f M exico covering all modes 
(Table 3.1).

Black drum  have been sold commercially for at least 100 years. A U .S. Bureau of 
Fisheries report on Texas fisheries indicates landings o f 50,400 pounds o f black drum  in 1897 and 
indicates that commercial landings records for drum  predated this by stating that drum  landings 
had risen from "...alm ost nothing in 1889 to second place in 1923" (Higgins and Lord 1926). The 
earliest records encountered for the G ulf states are a compilation o f records dating from  1908, 
1917 and 1919 by W elsh and Breder (1923) combining catches o f G ulf and Atlantic states for red 
drum  and black drum. These data indicate a total landing o f 7,231,778 pounds with a dockside 
value o f 280,484 dollars, an average o f 3.9 cents per pound. Though there w ere some num ber o f 
black drum  landed during the 1800's, the Louisiana black drum fishery existed largely as by-catch 
and secondary to the red drum  segment o f the industry. Even through the early 1970's, most 
fisherm en would only target black drum when red drum  were not available. In addition, only 
small and medium black drum  were o f any historical commercial value, the large fish 's flesh being 
too coarse and often carrying parasites (Russell, unpublished ms 1989).

The first commercial records o f black drum  in Louisiana are from  1923, with Pearson 
(1929) reporting 60,000 pounds having a value o f 2,000 dollars or 3.3 cents per pound. By 1929 
Fiedler (1930) reported 266,367 pounds valued at 15,565 dollars or 5 .8  cents per pound caught 
by fishermen using haul seines, trammel nets and trot- or hand-lines (Table 3.2).

3 .1 .1  Economics

Black Drum are economically important to the State o f Louisiana and its residents as well 
as other G ulf Coast States. They provide income directly and indirectly from  commercial and 
recreational activities. In both fisheries the economics have been largely interwoven with activities
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targeting other fish species, notably as bycatch o f the red drum and spotted seatrout fisheries. A 
larger percentage o f commercial fishermen than recreational fin-fisherman target black drum.

Due to the lack o f specific economic and market data relative to Louisiana’s estuarine 
fisheries, specifically black drum, direct comparisons o f commercial and recreational fisheries 
econom ics can not be made. There are also differences in the methods o f assigning value to 
recreational and commercial fisheries that preclude comparisons o f their dollar values.

Recreational values are usually reported as dollars from the retail level and dollars spent 
are considered as disposable income that may be redirected into other leisure activities. 
Commercial values are usually placed on the catch as dockside value which represent dollars to 
the fishermen at the producer level.

The actual economic value of these respective fisheries must include additional dollars o f 
value added through further tangible and less tangible considerations. Some o f these additional 
value adding steps are processing, packaging and shipping o f commercial catches, increasing 
values o f goods to the ultimate consumer or user from the manufacturer to wholesaler and retailer 
levels, and the value placed by the individual on the enjoyment o f the recreational, commercial, 
consumptive and non consumptive activity. Attempts to quantify these additional values beyond 
the m arket price o r actual expenditures are made by using willingness-to-pay estimates.

3 .2  Commercial Fishery

The black drum fishery in Louisiana can be separated into small drum , and adult or "bull 
drum" {>21  inches), components. Inshore fisheries can be subdivided into fisheries targeting 
three distinct size groups o f the black drum: generally, 2 - 5  lbs. (small o r "puppy"), 6 - 1 0  
lbs.(medium), and 10 plus lbs. (large or "bull"). These fish are sized and sold in different value 
groups with both intrastate and interstate markets. The inshore fishery generally operates 
coastwide and targets all marketable size drum. In the adult fishery, which had operated largely 
east o f the M ississippi River, 90% plus o f the catch consisted o f large drum  targeted during the 
spring and summer months by haul seines and strike-gill nets. Significant numbers o f large drum 
had also been caught offshore, during winter months, by trawlers.

3.2.1 Description o f Fishing Activities

In Louisiana and adjacent waters a number o f different methods have been used to capture 
black drum commercially: gill nets, otter trawls, haul seines, trammel nets, trot-lines, hand-lines, 
and purse seines.

Gill nets have been the primary method o f black drum  capture (Table 3.3) and are 
generally used inshore. Gill nets are o f two major types: "strike-nets" and "set-nets". Strike-nets
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have been used to target “bull” drum, by deploying the net to surround large schools, sometimes 
overlapping nets o f other fishermen to a total length o f 10,800 feet (Russell et al. 1986). W hen 
the net is used in this fashion it's  capture range is not as size selective. In the past, such strike- 
nets had sometimes been directed by spotter plane. Strike fishing is also practiced when targeting 
smaller “puppy” drum. Typically, these operations are single vessel operations, using nets up to 
1,200 feet long, operating in both open-water areas and smaller lakes and bays. W hen properly 
used by experienced fisherm en this method can be the most selective o f any com mercial finfish 
gear.

The set-net, another common gear, has been employed by staking several nets, usually 
between 200-300 feet long, out from the shoreline. Fishermen also subm erged large lengths of 
net anchored out over night away from shore. 1984 legislation prohibited the use o f unattended 
nets. Set-nets are the most size-selective gear available. Various mesh sized gill nets have been 
used year round to catch different size drum. O sbum  and Matlock (1984) reported stretched mesh 
sizes and corresponding average lengths (TL) o f black drum captured: 3"- 250 m m  (9.8 in.); 4"- 
330 mm (13.0 in.); 5 ”- 415 mm(16.3 in.); 6"- 490 mm (19.3 in ); and nets w ith meshes 6" to 7" 
caught black drum 445-545 mm (17.5-21.5 in.). Fitzhugh and Beckman (1987) noted that 6" 
stretched mesh is m ost commonly used, but as large black drum  becom e m ore marketable, 
fisherm en shift to larger mesh, up to 9", and catch fish 600-950 mm (23.6-37.4 in.).

Vessels used to employ gill nets are o f a wide range in type and capacity; from  one man 
skiffs o f lengths less than 20 feet which can transport a few hundred pounds to large hulls 
exceeding 40 feet and transporting over 15,000 pounds. The average vessel approaches 30 feet 
in length, the smaller vessels are generally used for set-nets. Some operations use large ice/slush 
boats which are capable o f transporting thousands o f pounds o f drum.

The otter trawl, a gear generally used for shrimping, is now one o f the prim ary gears used 
to target black drum. W hen used to target fish, trawls are typically made o f larger mesh webbing 
than w hen used for shrimping, to reduce drag o f the gear in the water. This gear has been 
responsible for a large percentage of bull drum  landed in winter months, particularly west o f the 
M ississippi River, in years when shrimping was poor. East o f the R iver, traw lers have landed 
drum  mostly from June through December. In addition, large black drum  had been caught as 
shrimp bycatch, though numbers have been significantly reduced with the use o f T E D ’s. Fitzhugh 
and Beckman (1987) observed a high size selectivity for large drum with this gear, catching black 
drum  in a range from 422-960 mm (average 29 inches) which could be due to the offshore fishing 
locations. Trawl vessels used in catching black drum  are generally large offshore boats from  30 
to 70 feet long, capable o f towing several trawls and transporting in excess o f 100,000 pounds o f 
black drum.

Haul seines were often used inshore and in near shore waters, to surround schools o f large 
drum , and are most efficiently used in conjunction with spotter planes. This gear was responsible 
for a majority o f the Louisiana landings o f bull drum  from the late 80 's up to the restrictions on 
entanglem ent nets. They w ere the most efficient gear type for catching large numbers o f drum
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inshore as it does not require the time consuming process o f removing tangled fish, one at a time, 
from the net. Haul seines, however, are capable o f capturing any marketable size black drum  due 
to their relatively small mesh size. This gear was not usually used in summer months west o f the 
M ississippi River. The fishermen using this gear, in addition to their net boats have often 
employed ice-slush transport boats or barges capable o f  transporting to 150,000 pounds. These 
barges often collect fish from  several vessels to transport them to a dock. Currently this gear is 
used only in federal waters.

Trammel nets are an inshore gear consisting o f three layers o f net panels grouped together 
in a sandwich-like fashion. The inner panel being smaller, the outer panels are large enough to 
allow  the inner to be pushed through it causing a pocketing effect or tangling individual fish. 
Tram mel nets have not generally been used in summer months. Vessels using this gear are of 
small to moderate capacities, usually from 20-30 feet in length.

Purse seines were once a prominent gear in the offshore commercial fishery (Table 3.3). 
Purse seine permits for use in Louisiana waters were not available after 1986 (except for herring
like species). Though purse seines were allowed in Louisiana waters through m ost o f  1981, this 
gear was not exploited by Louisiana fishermen largely because the large "bull" drum had no local 
markets at the time. They have since declined in popularity due to the EEZ red drum  closure, the 
fluctuating market for bull drum, and the fact that Louisiana special permits for restricted inshore 
use o f this gear are no longer available. Purse seines are used offshore to surround large numbers 
o f fish. A purse-line in the bottom of the net is tightened in a draw string fashion giving the net 
a bowl shape from which the captured drum are scooped out with large dip nets. W hen purse 
seines were no longer a legal gear in state waters, strike gill nets and haul seines became more 
popular. The vessels w hich operated purse seines targeting drum  w ere large, ranging upwards 
from  40 to 90 feet. These vessels could catch and transport in excess o f 80,000 pounds o f drum 
per trip and some up to 300,000 pounds. These vessels had crews from three to seven people and 
also used smaller boats to assist in setting the net and in maintaining the position o f the larger 
vessel.

Hand-lines, longlines, and trotlines have been used sporadically in Louisiana's black drum 
fishery, though they have historically been used as a primary gear in Texas (Leard et al. 1993).

Trotlines consist o f  a common horizontal line anchored at the ends at the desired fishing 
location, with hooks hung along it's  length at various depths. W hile attempting to mimic the 
Texas commercial trotline fishery that was targeting primarily black drum , M cEachron et. 
al.(1988) set hooks near the surface and bottom in the upper and lower Laguna M adre. O f the 
total fish caught (4,324), black drum represented the third most common species (7.7% ), red drum 
the second (23.4% ), and sea catfish the most common (60.8% ), during their 1985 study. They 
demonstrated that incidental catch o f red drum can be reduced by positioning trotline baits on the 
water bottom: the average number per line hour decreased from 0.209 nearer the surface to 0.047 
on the bottom.
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Hand-lines are not staked out as trotlines are, but also result in a very broad range o f 
capture sizes. These gear when used in targeting black drum are most often used from  small boats 
w ith limited capacities and one or two men crews.

The number o f gill net licenses issued indicates a maximum number o f  fishermen using this 
gear; however, this does not directly indicate the number o f fishermen targeting black drum , as 
many land drum  incidentally as by-catch, and on a seasonal basis using various gear (Figure 7). 
A ccording to Pearce et al. (unpublished ms 1989), there were approxim ately 350 commercial 
fisherm en statewide who targeted black drum.

In 1989, quotas paired with size limits were established, requiring adult o r "bull" drum  be 
caught only by permit in the commercial fishery. The average number o f fishermen issued permits 
to catch black drum > 2 7  inches 1990/91 to 1995/96 has been 120 (range: 115 to 165). The 
1996/97 permitees total 85.

In 1992 the licensing regulations w ere changed so that salt w ater gill nets w ere licensed 
separately allowing any num ber o f salt w ater gill nets to be used per licensee.

W ith Act 1316 o f the 1995 legislative session, entanglement nets (gill nets, seines, and 
tram m el nets) were banned in salt waters o f Louisiana. Special gear perm its and licenses 
established in this act allowed for limited use o f these gear for catching black drum  seasonally, 
until M arch 1, 1997. Commercial fishing under these restrictions was not allowed at night or on 
weekends. In Louisiana waters, as o f this writing, it is no longer legal to harvest black drum  with 
a gill net o f  any type.

A  commercial rod and reel license, that was also created by Act 1316, may be used in 
order to catch black drum . This license, like the aforementioned perm its, can only be obtained 
after certain  strict criteria are met. Specifics can be obtained through the LD W F Commercial 
License Section, LDW F Enforcement D ivision, o r LDW F M arine Fisheries D ivision.

3 .2 .2  Effort and Harvest

The commercial black drum  landings in the G ulf o f M exico fishery have fluctuated from 
approximately 1 to 2 million pounds per year from  1923 to 1978, averaging 1.7 m illion pounds. 
A low o f 729,000 lbs. occurred in 1940, and the high for that period was 2,821,000 in 1978. 
Landings have increased steadily from that point to 1988 totals o f approxim ately 10.5 million 
pounds. W hile most G ulf States' black drum  landings have remained relatively stable, those of 
Louisiana and M ississippi have greatly increased through the '80s then declined again to a G ulf 
low o f 2.1 million pounds in 1991 (Figure 8).

Historical landings o f black drum  in Louisiana, which were relatively low through the 
1950's, began to increase through the 1960's possibly due to the introduction o f the monofilament 
gill net (Russell, unpublished ms 1989) (Table 3 .2 , Figure 8). Figure 9 illustrates Louisiana's
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geographical commercial landings trends from  eastern and western areas from  years 1989-1996. 
The majority o f landings through the 1970's occurred in central Louisiana coastal parishes west 
o f the Mississippi River. In the late 1970's, the drum fisheries began a more rapid expansion due 
to greater public demand for fishery products, a corresponding increase in dockside price, and an 
increase in local processing ability. As the fish became more popular in the 1980's there were 
concurrent landings increases further westward. The market for the large drums developed during 
late 1980 when fishermen landed large amounts o f black drum taken incidental to other fishing 
operations. N on-resident purse seiners had discovered a market in Africa for the product and 
began to take advantage o f this opportunity. Soon New Orleans area seafood dealers followed suit 
(Leard et al. 1993, Russell unpublished ms. 1989). East o f the M ississippi River landings 
increased dramatically as regional fish dealers developed red and black drum  markets which 
included the bull drums for the first time.

Before the EEZ red drum  closure and Louisiana's commercial m oratorium  on red drum 
in 1987 black drum  had been sold in lower volumes than the more preferred red drum. The rise 
in popularity o f red drum  through the 1980's created a demand that was m et, in part, by using 
very large red drum processed as filets. These same markets would occasionally use black drum, 
a cheaper but slightly less popular substitute. However, once the m oratorium  was in place the 
m arket shifted largely to black drum. At first only conventional com mercial gear was used to 
capture fish to accommodate this market. Fishermen then found that they could use spotter planes 
to easily locate very large schools of bull drum  which could subsequently be captured with haul 
seines or modified gill nets. Larger vessels using haul seines and carrying an ice slush could catch 
and/or transport large amounts o f black drum  providing a fresher product essentially on the fish 
dealer's  demand. Unfortunately fishermen also discovered that occasional large landings or 
groups o f large landings o f  drum  were capable o f flooding the m arket and depressing prices. 
Operators of smaller vessels claimed they were being driven out o f the fishery. This was amplified 
by m ore large vessel fisherm en and new dealers attempting to enter the drum  markets. Spotter 
planes were subsequently restricted to use in the menhaden industry; this regulation met with only 
limited success at restoring the more historical fishery.

Louisiana accounted for 8.8 million pounds o f the record 1988 G ulf landings o f 10.5 
million pounds (Tables 3.2 & 3.3). Landings figures have since fluctuated: declining from  1989 
to 1991 (1.9 million pounds), then increased to 1994 (3.7 million pounds), and declined again to 
the current 1996 landings (approx. 1.2 million pounds, the lowest figure since the 1970's). 
Possible causes were suggested: 1) less fishing incentive in EEZ (in conjunction with the red drum 
moratorium); 2) fishermen were redirecting efforts to other species such as mullet and sheepshead;
3) "softer" markets driving down prices for small drum, and demand for bull drum  declining as 
the red drum were no longer available (Harlon Pearce pers. comm. 1989); 4) overfishing in certain 
geographic areas (Russell et al. 1987) and 5) regulatory changes. The percent component o f bull 
drum  in these landings figures has also fluctuated, decreasing from 60% in the 1990/91 season to 
24%  in the 1993/94 but then upward again to 47% of the 1995/96 season landings, then 
plummeted to 16% during the 1996/97 season (Figure 10). Some o f this latest trend may be due 
to market adjustments and fishing effort shifts based on regulation changes at the time.
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3.2 .3  M ariculture

A quaculture does not seem economically practical at this time due to the black drum 's 
availability to the commercial fishermen and the recent focus on red drum. Richards (1973) noted 
the black drum 's adaptability to a wide range o f situations, its quick growth and the high value o f 
fish 1-5 pounds. This may w arrant further investigation by interested parties.

M arcello and Straw n (1972) experimented with cage culture o f small marine fishes 
including black drum. Two drum  were maintained in cages for 233 days in the intake canal o f a 
steam-electric generating station in Galveston Bay, Texas. The feed used was Purina trout chow 
(40% protein) with a pellet size o f 7 mm x 5 mm . The amount o f  supplemental food was 3 % or 
5% o f total weight in a cage. Both percentages w ere used at different times. The fish w ere fed 
once daily, 6 days per week. Toward the end o f  the experiment, after the December 1971 growth 
sam pling, the black drum  did not receive supplemental feed. The average length and weight 
increased about 78 mm and 436 g and the relative growth in average w eight was 186.3% .

Keney and Zein-Eldin (1986), and Henderson-Arzapalo et al. (1994) indicated that drum  
could be suitable for m ariculture. Henderson-Arzapalo et al. (1994) in a 1984 mariculture trial 
artificially crossed a black drum  female (BD ¥) x red drum  male (RDcf), and a RD ¥ x BDti" to 
achieve a fertilization rate o f 79.2%  and 0 % respectively. Black drum , red drum , and hybrids 
w ere all simultaneously cultured for 9 months in order to make com parisons. The hybrid was 
found to have similar flavor, and the faster grow th rate o f the three groups (3,000 fingerlings 
grow n out over 230 days). Averages at harvest o f weight, length, and production for each group 
w ere, hybrid: 190 g, 245 mm, and 10.7 kg/ha/day; black drum: 144 g, 214 mm, 10.6 kg/ha/d; 
and red drum: 142 g, 236 mm, 7.0 kg/ha/d. Black drum  had higher survival rates (94 to 72 %) 
than the hybrid but a lower mean food conversion rate. External parasites were more o f a problem 
on the hybrids; they noted a susceptibility to parasitic copepods and Argulus sp..

3.2.4 Economics of Commercial Fishing

An economic analysis o f a commercial fishery will involve dockside values. H owever, 
using only dockside values will not measure the total benefit o f the fishery to society. Commercial 
fishermen may accept low er financial returns and more uncertain benefits to rem ain w ithin their 
occupation. There may be other non-monetary values the fisherm an receives, such as more 
freedom , the aesthetic setting, wildlife seen while fishing, etc. D ockside values w ill not 
com pletely capture this value.

The total benefit to consumers o f black drum  is greater than a dockside price. Total 
benefits to consumers include the dockside price, any value added, and the willingness o f some 
consum ers to pay m ore than the m arket price. Value added is any processing or preparation o f 
the fish. Some consumers would be willing to pay more for black drum  than the m arket price
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because they derive more satisfaction from  its consumption. The total benefits to the Louisiana 
economy would include all these items.

Information on annual landings, dockside values, prices and regional share o f a fishery are 
useful in trend analysis and serves as an indicator o f how a particular fishery is perform ing. 
Economic data associated with Louisiana's commercial landings o f black drum  for the 1970-96 
period is presented in Table 3.4.

As shown in Table 3.4, commercial landings (harvest) o f  black drum in Louisiana has 
increased substantially since 1970. M uch o f this increase occurred in the 1980’s and was linked to 
the increase popularity o f red drum (S. Russel unpublished data 1989). Black drum was considered 
an excellent substitute for red drum and was touted for it’s similarity in taste and texture to red drum. 
In 1988, the largest recorded annual Louisiana black drum harvest was over 8.7 million pound and 
since then has fluctuated between 1.6 and 4.4 million pounds. Factors that may have attributed to 
changes in historical landings include: changes in dockside price; the reduced abundance and/or 
increased regulation on other species; changing laws and regulations (such as gear restrictions); the 
introduction o f  new  technologies; expanding markets o f  other species; and changes in consumer 
attitudes and the substitutability o f black drum for other species.

Louisiana’s share o f  the G ulf o f Mexico (GOM) black drum landings varied substantially 
during 1970 to 1996. In 1980 Louisiana’s black drum share o f  the GOM  region was 8 percent 
compared to 90.1 percent in 1990. From 1986 to 1994, Louisiana black drum landings accounted 
for over 65 percent o f the GOM  landings. Since 1994, Louisiana’s share o f  the G u lf landings 
decreased to 27 percent in 1996, the lowest in the last 15 years. This decrease can be partially 
attributed toTexas’s large increase in black drum landings, changing laws and regulations (i.e. Act 
1316 passed in 1995), absence o f certain year classes or market size categories and low  dockside 
price. (For more historical information on landing for Louisiana and the G ulf Region, see Table 3.2).

The commercial dockside value o f  a fishery is determined by the ex-vessel price and quantity 
landed. Louisiana’s annual commercial value o f  black drum increased from $32,664 in 1970 to 
$966,788 in 1996. During the period between 1984 to 1995, the annual Louisiana black drum 
dockside valued average $1,773,516. The highest Louisiana black drum dockside landing value was 
recorded in 1987 at $2,640,319.

The increase in black drum dockside value is attributed not only to an increase in annual 
landings but also to an increase in price per pound. Table 3.4 shows the annual dockside price per 
pound o f black drum received by fishermen and the deflated dockside price o f black drum from 1970 
to 1996. The difference in the deflated price and dockside price is inflation, the rise in price o f goods 
caused by the expansion o f  the supply o f money while the supply o f the goods and services remains 
the same or does not advance at the same rate. As shown in Table 3.4, some o f the increase in 
dockside value during the 1970 to 1996 period was inflationary based.
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Black drum are sold in various size categories and are normally classified as puppy drum  
(1-2 lb.), small (2-5 lb.), medium (6-10 lb.) and large o r bull drum  (10 +  lbs). Puppy drum  are 
not a very desirable fish in most markets (with some exceptions in the Cam eron Parish A rea) and 
are therefore not considered commercially im portant (Pearce et al. unpublished m .s. 1989). The 
small(2-5 lb.)black drum landed in Louisiana are marketed largely in Louisiana and adjacent gu lf 
states and are normally sold fresh in the form  o f drawn or dressed. The m ost important m arket for 
black drum are the restaurant and food service outlets. Over 90 percent o f the large black drum  
are marketed out o f state as fillets(Leard, R ., et. al, 1993 ).

Table 3.5 presents the annual range o f ex-vessel black drum dockside price per pound for 
various size categories from  1988 - 1996. The midpoint ex-vessel dockside price per pound range 
fo r the small black drum  category was 1.4 and 4.1 times higher than for the m edium and large 
“bull" black drum  categories, respectively in 1996. Note that the large variation in ex-vessel 
dockside price per pound received by commercial fishermen for the various market size categories 
could substantially influence the average annual reported black drum  landing value per pound.

Since the black drum  fishery com prises a single component o f Louisiana's com mercial 
fishing sector, it is important to identify the change in commercial harvest revenues that w ould be 
associated with a decline in commercial catches o f black drum. M ost fishermen are multi-species 
fishermen and gear used in one fishery can be utilized for harvest o f other species. Thus, overall 
industry revenues may not decline proportionately with declining landings because com mercial 
fisherm en can often redirect efforts to other species. Thunberg et al. (1991) concluded that 
restrictions on red drum  harvest led to only a moderate decline in revenues from  F lorida 's  near
shore fishery because fisherm en were able to redirect efforts to other near-shore species. They 
also found the ability to switch to other species was geographically dependent. Caution should 
be exercised when applying these results to Louisiana because the ability to redirect com mercial 
effort will become increasingly limited as additional restrictions are placed on m ore species. 
Income derived from other species such as black drum  may be im portant in keeping these m ulti
species fishermen in the industry (W illiam et a l., 1980).

3.3 Recreational Fishery

Black drum  are not a prim arily targeted species o f sports fishermen. M ost recreational 
fisherm en land black drum  as incidental catch, with only a small percentage citing them  as a 
desired species, as evidenced by the 1984 Louisiana Department o f W ildlife and Fisheries creel 
census results (Adkins et a l  1990). According to that report, coastal Louisiana fishermen targeted 
primarily red drum and spotted seatrout, by 49.3%  and 63.8% respectively, and no other species 
by more than 4% , in this order: largemouth bass, silver/sand seatrout, red  snapper, black drum  
(0.6% ), croaker, flounder, king mackerel, and blue catfish. O f the total num ber o f fish caught, 
75% consisted o f red drum , sea catfish, spotted seatrout, and croaker. The only others to  each 
add to greater than 1% of the total catch, in order o f abundance, w ere sheepshead, black drum  
(3.3% ), largemouth bass, flounder, and bluegill. These findings are further corroborated by the
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results o f Marine Recreational Fishery Statistics Survey (MRFSS) data (in Table 3.1) 
demonstrating that most saltwater fishermen land black drum as incidental catch with only a small 
percentage actually targeting black drum as a desired species. The 1993 recreational saltwater 
survey indicated that spotted seatrout and red drum  are the primary targeted saltwater species o f 
about 90% of Louisiana saltwater anglers who expressed preferred species (Kelso et al. 1994). 
Flounder was the third m ost preferred species followed by black drum  and red snapper. Similar 
results were reported in the 1990 and 1991 recreational surveys. M any anglers indicate no 
preference for a particular species as indicated in  Table 3.1. The percentage o f respondents that 
indicate no preference in the 1990, 1991 and 1993 recreational surveys ranged from 13% to 40%, 
depending on the survey.(Kelso et al. 1990, 1991, and 1993). Figures from MRFSS reports from 
(1981 - 1996) indicate die percent o f Louisiana fishermen who preferred black drum  ranged from
0.1%  to 2.3%  averaging 0 .7% , though fishermen w ith no preference com prised the highest 
category ranging from 19% to 59% (Table 3.1).

The 1990 and 1991 recreational surveys indicated that having a diversity o f species to fish 
for was important to all anglers and that the satisfaction o f a fishing trip increased with the number 
o f fish caught (Kelso et al. 1990 and 1991). The 1993 recreational survey revealed that a majority 
(73.9% ) o f the saltwater anglers were satisfied with current black drum  regulations (Kelso et al. 
1994).

3.3.1 Description o f Fishing Activities

Various recreational surveys (MRFSS, Adkins et al. 1990) state that the Louisiana 
fisherm en who targeted black drum  preferred small fish (less than 5 pounds). They utilized a 
variety of small boats and tackle, largely inshore within short distances from  the coast. Many 
black drum  were also caught from  the bank, near man-made structures, such as bridges and oil 
rigs, both inshore and in G ulf waters. Recreational fishermen caught drum m ore frequently from 
October through February. The larger average size fish were caught A pril through September 
w ith largest fish being caught in passes during February and M arch. These "bulls" are more 
heavily targeted for fishing rodeos. Baits commonly used were crab, clam, shrimp and cut fish. 
Black drum are usually fished with bottom rigs utilizing casting equipment and occasionally hand
lines.

3 .3 .2  Effort and Harvest

Recreational black drum  landings for Louisiana before the implementation o f  regulations 
(1980-1988) reveal a wide range in numbers landed, averaging approximately 500,000 individuals 
with apparent fourth year peaks possibly due to good recruitment o f year one fish. A recreational 
bag limit and size limits were introduced in October 1989. These limited recreational fishermen 
to a creel limit of five fish from 16 to 27 inches in length, with an allowance o f one fish that may 
be over 27 inches). The average harvest decreased to approximately 160,000 fish annually under
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these regulations. It should also be noted that these landings reflect a pre-regulation/post- 
regulation release rate o f approxim ately 30% pre- to 70% post- respectively (Figure 11).

A summary o f recreational landings by percentage o f individual fish by state for 1979 
through 1995 is summarized in Table 3.6, updating the information o f Sutter et al. (1986). This 
table also indicates the gulfwide modes m ost commonly used for capturing black drum.

The catch figures listed in Table 3.6 are estimates o f all drum  caught, including those 
released, used for bait o r otherwise unavailable. There is a considerable bank/shore segm ent o f 
the black drum fishery which represents an average o f 36% of the total M RFSS catch from  1979 
through 1996. The average weight o f black drum  landed in Louisiana during this period was 2.8 
pounds. The average num ber o f fish harvested in Louisiana's recreational fishery (1979-1996) 
was 354,897 fish (Figure 11). MRFSS figures from 1981 through 1995 indicate that an average 
o f 68.9%  per year, o f the black drum  harvested, w ere caught inshore.

Information provided by the National M arine Fisheries Service on numbers, poundage, and 
average harvest weight o f black drum caught and harvested by Louisiana recreational anglers are 
presented in Figure 11 for the years 1979 through 1996. The percent o f black drum  harvested o f 
total harvest have decreased since 1981, while the average harvest w eight and release rates 
increased. Average harvest weight o f black drum  increased from  2 .9  pounds in 1981 to 4 .6  
pounds in 1994 (Table 3 .7). The percent o f black drum  harvest o f total recreational harvest (all 
species) declined from  2.7%  in 1981 to 1% in 1994. Furtherm ore, the percent o f black drum  
released in 1995 (71.5%) is over 2.3 times what was released in 1981 (27.2% ) (Table 3 .7 , Figure 
11). These changes and variations in the annual recreational black drum  data may be caused by 
a number o f factors including: changes in angler attitudes toward black drum; changes in laws and 
regulations such as bag and size limits; changes in abundance o f black drum  caused by biological, 
climatological, environmental or habitat factors; or increases in harvest o f other (target) species. 
However, regulation changes requiring release o f black drum  under 16" T L  and over a bag limit 
o f 5 fish seem to have influenced these figures substantially.

Adkins et al. (1990) estimated that 105,778 black drum averaging 15.5" w ere harvested 
recreationally by Louisiana fisherm en during 1984. O f the drum caught by anglers in the 1984 
LD W F survey, 69% w ere kept.

Louisiana required a recreational saltwater license beginning in the 1984-1985 season with 
102,125 sold initially. From  1985 through 1989 resident salt w ater license sales averaged 
195,000. The number o f  these licenses sold from  1990 through 1994 averaged 246,000 and 
further increased to 296,959 for 1995-1996. The only decrease occurred in the 1996-97 season 
when resident saltwater sales dropped to 270,940 (Figure 12). In the “ N on-resident” category of 
figure 12, prior years included some portion o f freshwater (FW) fisherm en (approxim ately 25% ) 
: a new 1996-97 category exhibited 10,923 three-day FW  only licenses; the old two-day license 
allowed both salt and FW  fishing. The differences in the licenses sold and the M RFSS estimates
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o f angler numbers is partly due to the exemption o f ages under 16 and over 60 from  recreational 
licensing requirements, but may also include error in the estimation o f the numbers o f  anglers.

Adkins et al. (1990) conservatively estimated there were 150,000 recreational saltwater 
fishermen in Louisiana during 1984. Saltwater licenses were required by 105,000 while 45,000 
were exempt due to age. These fishermen averaged 15 days o f saltwater fishing per year and 5.3 
hours per trip. A total of 7,658,560 hours o f fishing effort was estimated for the year. They also 
noted that the number o f 1984 trips was 43.6%  less than the National M arine Fisheries Service 
(NMFS) average from 1979 to 1983 and 1985. Some o f this reduction may have been due to the 
severe freeze o f December, 1983, causing many anglers to believe no fish were available. The 
range o f catch per effort for black drum for the period during 1984 LD W F census was 0.01-0.25 
drum  per trip. The average .catch was 0.014.

Comparisons using these recreational landings to those o f commercial landings can be 
useful; however, they should be interpreted cautiously due to the differences in survey techniques 
and extrapolations. While it appears that recreational landings were much higher than commercial 
landings up to 1978, Fitzhugh and Beckman (1987) gave several reasons for using these 
"independently...as trend indicators."

The IGF A all-tackle w orld record black drum  is a 113 pound fish taken off Delaware, 
September 15, 1975. Although larger black drum  have been reported (W elsh and B reder 1923), 
they w ere not included in the records. Fish caught in the G ulf o f  M exico usually range from 1 
to 3 pounds and from 10 to 40 pounds in Atlantic coastal waters (Silverman 1979). The Louisiana 
O utdoor W riter’s Association (LOWA) Louisiana record is 77 pounds, 0 ounces, caught by 
Timothy Joseph Darcey, April 1975. (Ford 1996).

3 .3 .3  Economics o f Recreational Fishing

Recreational fishing is a highly diverse activity and has economic value. Participants are 
seeking a recreational experience and are willing to pay more for this activity than it actually costs 
them. Households actually "produce" recreational trips by allocating their time, buying m arket 
services, and combining these with publicly provided natural resources (M cConnell and Strand 
1994). The value of recreational fishing is variable across individuals and trips. I t will depend 
on many conditions-the quality o f  fishing, the weather, the skill o f the angler, etc.

There are two kinds o f economic value for recreational fishing. One is the access value 
to a resource. Access pertains both to the overall opportunity for fishing and to the opportunity 
for fishing in specific locations. The value o f access is what anglers would pay rather than do 
w ithout or the amount they would accept as compensation for their loss o f access. The second 
kind o f economic value is the value of catching an additional fish. This is the amount an angler 
is willing to pay to catch more fish, larger fish, or more desirable fish. This amount will depend
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on many things, such as the species sought, the time when fishing takes place, the mode o f fishing, 
the w eather, environm ent, etc.

The estimation o f the value o f a recreational fishery such as black drum  will involve the 
m easure o f species specific effort and the expenses incurred. There have been several studies 
made to collect total numbers o f recreational fishermen, percentage o f fishermen targeting various 
species, average number o f fishing trips per year, and expenditures per trip. Data from  these 
studies have been highly variable among studies, even over the same time period. Conclusions 
draw n from  these studies should therefore be viewed with caution.

Recreational fishing effort depends prim arily upon the num ber o f fisherm en and num ber 
o f trips per fisherman. Individual fishing effort is largely a function o f the expenses incurred in 
the activity and the perceived benefits received from  the activity. As costs rise and benefits remain 
the same, effort tends to decrease. Costs can increase through increased spending, in relation to 
other leisure activities, or fraction o f disposable income. Anglers can receive both tangible and 
intangible benefits from fishing activities. Tangible benefits include the number or quality o f  fish 
caught. Intangible benefits can be enjoyment o f the outdoors, change in  routine, com panionship, 
etc.

Fishing effort will continue as long as the economic costs are not greater than the anglers 
satisfaction (or what economists call utility). Net Fishing benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at favored locations, degradation 
o f aesthetic value o f  trips, or from  increased fishing costs.

D irect expenditures per trip for marine recreational anglers in Louisiana w ere estimated 
at $53 (Kelso et al. 1992), $64 (Bertrand 1984), $75 (Kelso et al. 1991), and $133 (Titre e t al.
1988). D irect expenditures include spending for automotive and boat fuel, lodging, food and 
drinks, ice, boat launch fee, bait, and other expenses directly related to the trip. In addition to trip 
expenditures, anglers purchase equipment (boats, motors, trailers, vehicles) and speciality gear. 
This equipment is used for m ore than one trip and even over several years. Their costs need to 
be allocated over time. Published annual estimates o f these expenses vary widely depending on 
w hat is included: $800 (U .S. F ish and W ildlife Service 1997), $698 (U .S . Fish and W ildlife 
Service 1993), $824 (Kelso et al. 1991), and $1108 (Kelso et al. 1992).

Bertrand (1984) estimated total annual expenditures by saltwater anglers in Louisiana as 
180.6 million dollars. Estimates can also be calculated from other surveys. From  a 1985 survey, 
the U .S . Fish and W ildlife Service (1988) estimated that state residents spent a total o f $197 
million on saltwater fishing expenses, including equipment and trip-related expenses. Nonresident 
fresh and saltwater anglers spent an estimated $36.7 million in trip-related expenses in Louisiana. 
From  the next survey in 1991, the U .S. Fish and W ildlife Service (1993) estimated expenditures 
o f  158.8 million dollars by state residents on saltwater angling. N onresident fresh and saltwater 
anglers spent an estimated $60.3 million in trip-related expenses in Louisiana. As in the 1985 
U .S. Fish and Wildlife survey, expenditures o f nonresident anglers w ere not broken out by fresh
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and saltwater expenditures. However, from  the 1991 survey data, the Sport Fishing Institute 
estimated that expenditures o f saltwater anglers in Louisiana total $183.3 million (Fedler e t al. 
1993). The 1996 U.S. Fish and Wildlife survey reported total (fresh and saltwater) angler trip and 
equipment expenditures in Louisiana to be $824.3 million, 9.2% from non-resident anglers. From 
the 1996 survey data, the Am erican Sportfishing Association (M aharaj and C arpenter 1998) 
estimated that expenditures o f saltwater anglers in Louisiana totaled $205.4 million.

Direct expenditures for the fishing trip may be less than the angler would be willing to pay 
for the entire experience. The difference between the costs o f the trip and what the angler is 
willing to pay is called consumer's surplus. This is the difference between the maximum amount 
an angler would be willing to pay and what he/she actually paid for the activity. Titre et al. (1988) 
found that the average recreational user would be willing to pay approximately $193 to $394 
annually for the right to recreate in Louisiana wetlands under certain conditions o f harvest, catch, 
and amenity situations.
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4 .0  RESEARCH NEEDS

The following data needs and priority research areas have been identified:

1) Fishery Dependent Data Collection

This includes characterization o f  commercial gear types utilized, areas fished, size o f 
harvest, age o f harvest, reproductive data, and other trip specific information not available through 
standard NMFS reporting methods. This information is necessary because it allows more accurate 
identification o f the fishery, e .g ., extrapolations o f  catch per effort, water-body specific landings, 
and length o r age frequency o f the harvest, for stock assessment purposes.

Recent legislation has brought substantial change to the character o f  the black drum  fishery, 
other estuarine fisheries, and their associated m arkets. Close m onitoring will be necessary in 
o rder to  react properly and in a timely manner to changes in the fisheries as effort and gear are 
redirected.

C urrent methods available for monitoring recreational im pact and changes are limited. 
Additional surveys o f recreational fishermen are needed to improve catch per effort inform ation 
and detect changes in the important recreational species composition by size, age, etc. This would 
allow us to m ore precisely m onitor changes and evaluate existing management measures.

In the presence o f changing regulations, fishery-dependent inform ation is not a reliable 
source o f  data for assessing the status o f a fish stock. However, such data are necessary to 
measure die effects o f fishing on that stock. Consistent fishery-dependent and fishery-independent 
data sources, in a com prehensive monitoring plan, are essential to understanding the status o f 
fishery stocks, and to identifying causes o f changes in stock abundances. Present program s should 
be assessed for adequacy w ith respect to their ability to evaluate stock status, and m odified or 
enhanced to optimize their capabilities.

2) Fishery Independent Data

Fishery independent monitoring provides population structure data rather than harvest 
inform ation. This provides relative abundance, indices o f relative year class strengths, and 
success o f spawns. It also helps management by targeting segments o f black drum  populations 
(and other species) where life history inform ation is lacking.

Saucier And Baltz (1993) suggested further studies that would " ... characterize habitat 
selection in terms o f  spatial and temporal variation...relative to other life history events that 
influence reproductive success." They proposed that by modeling the habitat selected for 
spawning, the quantity o f suitable habitat and spawning success could be predicted given specific 
environm ental conditions (most o f which influence salinities).
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3) Tagging

This type o f information allows insight to movements and behavior, e .g ., escapement and 
growth rates needed to assist in determining the spawning stock biomass. The extent of migrations 
o f large schools within their range is not known, and this is pointedly true for the medium sized 
black drum prior to reaching maturity (ages 4-6 years) where they have largely "disappeared" 
from  the fishery dependent landings information.

4) DNA Electrophoresis

Further analysis o f genetic tracers are needed to determine if  different stocks exist, and 
potential interactions between stocks in different areas o f Louisiana o r G ulf waters.

5) Age and Growth

Characterization o f this species' ages through use o f otolith and various validation 
techniques should be continued and encouraged.

7) Social and Economic Information

Social and economic information is needed on participants o f the black drum  fishery. 
Inform ation on other fisheries that these black drum fishers participate in, processing and 
marketing cost, investment, operating and harvesting costs, could help identify the health o f the 
industry and impacts o f regulatory changes on participants in the fisheries. In addition, a 
description o f the marketing system, product forms and value added estimates by the various 
marketing sectors is needed.
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T able 2.1 Weight at length o f black drum from length/weight regressions o f H arrington et al.
1979 (TL/W T) and Hein et al. 1980 (FL/W T).

FORK LENGTH W EIGHT TO TA L LENGTH W EIGHT
(inches) wt (lbs.) (inches) (lbs)

5 0.07 5 0.06
6 0.11 6 0.10
7 0.18 7 0.16
8 0.28 8 0.24
9 0.39 9 0.34
10 0.54 10 0.47
11 0.73 11 0.62
12 0.95 12 0.80
13 1.21 13 1.02
14 1.52 14 1.27
15 1.87 15 1.56
16 2.28 16 1.89
17 2.74 17 2.26
18 3.26 18 2.68
19 3.85 19 3.15
20 4.50 20 3.67
21 5.22 21 4.24
22 6.02 22 4.87
23 6.89 23 5.55
24 7.85 24 6.30
25 8.89 25 7.12
26 10.01 26 7.99
27 11.24 27 8.94
28 12.55 28 9.96
29 13.97 29 11.06
30 15.50 30 12.23
35 24.80 35 19.34
40 37.26 40 28.75
45 53.37 45 40.80
50 73.59 ' 50 55.79

55 74.05
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*

T ab le  2.2  A verage length and weight o f black drum  at various ages based on the sloped- 
asymptote double von Bertalanffy growth equation and length/w eight relationship 
o f Beckman er ti/. 1990.

AGE FORK LENGTH 
(inches)

TOTAL LENGTH 
(inches)

WEIGHT
(lbs)

l 10.27 10.81 0.59
2 17.09 18.23 2.78
3 20.99 22.51 5.21
4 23.30 25.05 7.16
5 24.73 26.63 8.59
6 25.69 27.69 9.65
7 26.39 28.47 10.47
8 26.95 29.09 11.17
9 27.43 29.63 11.79
10 27.88 30.12 12.38
11 28.30 30.58 12.96
12 28.70 31.03 13.53
13 29.10 31.48 14.12
14 29.50 31.92 14.71
15 29.89 32.36 15.32
16 30.29 32.79 15.94
17 30.68 33.23 16.58
18 31.07 33.67 17.24
19 31.47 34.10- 17.91
20 31.86 34.54 18.60
25 33.82 36.72 22.31
30 35.78 38.91 26.50
35 37.74 41.10 31.18
40 39.70 43.30 36.39
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Table 3.2. Black drum commercial landings by state from  the G ulf o f M exico, 1923 through 1996.

}

Year Fla. Ala. Miss. La.
(thousands of pounds)

Tx. Gulf

1923® 142 . 39 60 1,028 1,269
1932b 48 1 89 87 932 1,157
1934b 100 1 4 199 2,253 2,557
1936b 197 2 8 150 2,257 2,614
1939b 84 3 26 150 1,320 1,583
1940b 130 1 14 92 492 729
1945b 986 65 20 301 1,213 2,585
1950b 50 3 20 197 708 978
1951b 36 11 8 235 702 992
1952b 126 3 2 139 614 884
1953b 71 2 5 64 770 912
1954b 45 2 1 68 2,191 2,307
1955b 48 3 14 128 1,972 2,165
1956b 69 5 39 148 1,852 2,113
1957b 62 2 21 184 1,502 1,771
1958c 128 9 28 178 1,071 1,414
1959° 124 10 38 161 1,288 1,621
1960= 191 2 15 190 1,520 1,918
1961 = 75 2 23 388 1,635 2,123
1962= 58 2 22 390 1,373 1,815
1963= 100 10 17 344 1,363 1,831
1964= 88 17 46 306 1,409 1,866
1965= 65 3 33 195 1,470 1,766
1966= 65 4 20 247 1,007 1,343
1967= 75 8 33 264 1,061 1,441
1968= 84 16 75 360 677 1,212
1969d 63 43 114 478 610 1,308
1970d 50 24 53 434 783 1,344
1971d 73 31 21 506 1,138 1,769
1972d 96 44 23 540 1,165 1,868
1973d 84 80 14 541 1,208 1,928
1974d 60 53 10 440 1,357 1,920
1975d 35 20 20 276 1,172 1,523
1976d 27 19 48 579 2,091 2,764
1977d 20 25 44 583 1,454 2,126
1978d 34 25 396 580 1,786 2,821
1979d 215 31 1,934 536 1,531 4,247
1980d 312 48 4,045 472 1,058 5,935
1981d 750 89 2,122 2,889 644 6,514
1982d 56 79 1,184 1,690 1,249 4,258
1983d 404 96 1,417 1,859 1,493 5,269
1984d 439 60 2,559 1,976 900 5,934
1985d 369 34 2,543 3,421 644 7,011
1986d 579 253 972 5,226 588 7,619
1987d 436 370 960 8,021 857 10,644
1988d 148 122 702 8,757 739 10,468
1989d 204 56 119

LOUISIANA
4,406

REGULATIONS
703

ENACTED
5,488

(10/89)
1990d 48 56 217 2,876 635 3,832
1991d 49 22 21 1,914 460 2,125
1992d 49 37 13 3,014 846 3,959
1993d 49 66 24 3,178 826 4,144
1994d 48 56 57 3,739 1,822 5,722
1995d* 26 57 36 2,999 2,904 6,023
1996d* 6 40 97 1,619 4,253 6,015

* Preliminary 
Fla. (West Coast)
Summarized in Pearson (1929)
Summarized in Simmons and Breuer (1962) 
^Bureau of Commercial Fisheries 
^National Marine Fisheries Service
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Table 3.3. Number of commercial La. gear licenses and percent of black drum catch by gear type. 
Resident licenses only.

Year
Haul
Seine Trawl

Trammel
Net Line

Purse
Seine

** Gill 
Net

Rod
Reel

1984 609
2.7%

17,843 
5.49%

414
4.46%

N/A
3.8%

33
30.1%

2,252
43.4%

N/A

1985 442
19.4%

15,927 
4.7%

423
9.9%

N/A
0.8%

34
23.4%

2, 031 
31.8%

N/A

1986 345
11.0%

16,311
16.3%

377
11.0%

N/A
2.7%

26
5.3%

2, 118 
56.5%

N/A

1987 281
4.0%

24,358
17.8%

826
9.7%

N/A
9.5%

N/A
2.6%

3, 271 
56.5%

N/A

1988 236
4.2%

20,578 
10.7%

605
2.4%

N/A
2.6%

N/A 
' 6.7%

2, 476 
73.4%

N/A

1989 265
0.7%

18,270
13.0%

619
2.5%

180
0.3%

N/A
0.0%

2,717
85.6%

N/A

1990 257 16,735 594 1,055 -  - 2, 565 N/A

1991 249 14,959 536 1, 012 — — 2, 645 N/A

1992 218 13,866 493 995 - - 831 N/A

1993 184 11,349 486 1, 016 -  - 900 N/A

1994 196 10,231 489 1,053 - - 1,020 N/A

1995 162 10,064 467 1, 170
**

781
755/ 34 3

1996 0 9, 847 0 1,369 - - ** 847/134 24

1997* 0 9, 048 0 1,456 - - ** 707/ 87 25

LDWF, Commercial Licenses
♦PRELIMINARY (through January, 1998)
N/A-Not available
♦♦Mullet strike net/Pompano strike net substituted for SW Gill net license, winter 
of 1995
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Table 3.4 .Historical Landings and Value o f Commercial Black D rum  fishery Louisiana, 1970-1995.

Pounds Value Deflated
Year (xlOOO) (dollars) value *

(dollars)

1970 434 32,644 84,134
1971 506 35,775 88,333
1972 540 38,467 92,026
1973 541 44,887 101,097
1974 440 41,630 84,442
1975 276 29,048 53,993
1976 579 68,711 120,757
1977 583 81,798 134,980
1978 580 116,354 178,457
1979 536 98,661 135,897
1980 472 92,910 112,755
1981 2,889 612,204 673,492
1982 1,691 572,882 593,660
1983 1,859 703,453 706,278
1984 1,976 1,042,759 1,003,618
1985 3,421 1,018,687 946,735
1986 5,226 1,836,930 1, 676, 031
1987 8,021 2,640,319 2,350,633
1988 8,757 2,347,834 1,987,644
1989 4,406 1,831,962 1,477,389
1990 2,876 1,115,212 853,261
1991 1,914 1,170,134 859,129
1992 3,014 1,428,767 1,018,366
1993 3,178 1,985,349 1,355,259
1994 3,739 2,531,907 1,708,439
1995 2,999 2,332,328 1,540,507
1996 1, 619 966,788 615,789

Louisiana
Price Deflated share of
($/lb) price* Gulf landing

($/lb) (percent)
0.08 0.19 32.3
0.07 0.17 28.6
0.07 0.17 28.9
0.08 0.19 28.1
0.09 0.19 22.9
0.11 0.20 18.1
0.12 0.21 20.9
0.14 0.23 27.4
0.20 0.31. 20.6
0.18 0.25 12.6
0.20 0.24 8.0
0.21 0.23 44.4
0.34 0.35 39.7
0.38 0.38 35.3
0.53 0.51 33.3
0.30 0.28 48.8
0.35 0.32 68.6
0.33 0.29 75.4
0.27 0.23 83.7
0.42 0.34 80.3
0.39 0.30 75.1
0.61 0.45 90.1
0.47 0.34 76.1
0.62 0.43 76.7
0.68 0.46 65.3
0.78 0.51 49.8
0.59 0.38 26.9

* Adjusted by the consumer price index with 1982-84 = 100 as the base year.
Sources: Leard et al. 1993, NMFS Commercial Landings Database 1997, and U.S. Department
Commerce 1994.

of

52



T ab le  3 .5 . Exvessel prices o f black drum by size groups.

Year
2-5 lbs. 
small

6-10 lbs. 
medium

10+  lbs. 
bull*

1988 $0.70-1.40 $0.30-0.70 $0.08-0.18

1989 $0.60-1.15 $0.44-0.65 $0.08-0.17

1990 $0.80-1.80 $0.60-1.00 $0.08-0.27

1991 $1.00-1.90 $0.55-1.20 $0.08-0.33

1992 $0.50-1.20 $0.33-0.75 $0.07-0.33

1993 $0.30-1.60 $0.13-0.75 $0.08-0.33

1994 $0.40-1.70 $0.20-0.65 $0.10-0.33

1995 $0.40-1.60 $0.20-1.25 $0.10-0.27

1996 $0.30-1.60 $0.30-1.00 $0.13-0.33

*based on 15 pound fish for bull drum.
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T ab le  3 .6 . Summary o f recreational fishing statistics for black drum  in the G ulf o f M exico, 
(updated from  Sutter et al. 1986).

U.S. catch Estimated Gulf
Total from Gulf of Percent catch by fishing mode

YEAR U.S. catch Mexico of Gulf catch (thousands of fish^
(thousands (thousands hv Rulf State Party/ Rental/
nf fish) of fish) FI Al MS l A TX Shore Charter orivate Total

1979- | 2,665 |2,245 (84.2%)| 3.3 -- 39.8 56.3| 267 I 1,978 2,245

1981- J 1,713 11,638 (95.6%)| 5.6 -- 3.0 14.6 76.3| 1013 I 625 1,638

1982- | 1,704 |1,505 (88.3%)|11.4 -- -- 60.8 26.6| 633 I 871 1,505

1983- | 1,709 11,461 (85.5%)| 7.0 2.1 81.9 8.7 | 503 I 1,059 1,461

1984- | 1,116 | 785 (70.3%)|28.7 - - 48.7 22.0| 278 I 496 785

1985- | 1,362 | 1,089 (80.0%)|19.3 -- - - 39.8 39.9| 510 I 556 1,089

1986- | 1,867 | 1,430 (76.6%)| 17.2 -- 80.8 N/A| 396 I 1,032 1,430

1987- | 1,716 | 1,303 (75.9%)|45.3 -- 3.1 50.7 N/Aj 617 I 685 1,303

1988- | 1,586 | 1,344 (84.7%)|22.1 2.2 -- 73.4 N/A| 495 I 833 1,344

1989- | 736 | 622 (84.5%)|40.4 1.2 5.1 53.3 N/A | 168 1 10 I 444 622

1990- | 818 | 680 (83.1%)| 19.0 18.3 2.3 60.5 N/A | 111 I 13 I 557 680

1991- | 1,024 | 671 (65.5%)|3 4 .1 1.0 6.1 58.8 N/A | 255 I 8 I 408 671

1992- | 1,405 11,130 (80.4%)|32.8 3.2 9.4 54.4 N/A | 419 I 15 I 695 1,130

1993- | 1,534 11,268 (82.7%)|18.2 2.9 1.4 77.4 N/A| 601 I 19 I 648 1,268

1994- | 1,125 | 824 (73.2%)|26.2 2.3 5.9 65.6 N/A| 349 | 29 I 446 824

1995- | 1,595 | 1,063 (66.6%)| 19.0 2.2 2.3 76.5 n/ a | 239 I 34 I 789 1,063

1996- | 1,196 | 818 (68.5%)| 10.4 1.1 4.0 84.6 N/A | 242 I 26 l 551 818

- U.S. National Marine Fisheries Service,
- U.S. National Marine Fisheries Service,

MRFSS reports (1980 through 1990)
Fisheries Statistics & Economics Division Website
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Figure 1. Pogonias cromis. Black drum. A. Juvenile, ca. 100 mm SL. 
B. Juvenile, 231 mm XL. C. Adult, ca. 540 mm SL. D.-G. Eggs in 
various stages of development. (A, Fowler, H. W.» 19451 fig• 282.
B-C, Goode, G. B., 1884: pi. 121-122. D-G, Joseph, E. B., et al., 
1964: fig. 1.)
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Figure 2. Pogonias cromis. Black drum. A. Yolk-sac larva, 2.2 mm XL. 
B. Larva, 5.5 mm XL. C. Larva, 8.0 mm. D. Larva, 8.0 mm XL.
E. Juvenile, 18.0 mm. F. Juvenile, 35.0 mm. (A, B, D, Joseph, E. B., 
et al., 1964: figs. 2-3. C, E, F, Pearson, J. C., 1929: figs. 15-17.)
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Figure 6. Pharyngeal teeth of black drum, upper and lower. 
Simmons & Breuer, 1962
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F igu re  8. Black drum  com mercial landings from  the G ulf o f M exico and Louisiana waters 
(NMFS landings statistics).

Commercial Harvest of Black Drum
in Louisiana and the US. Gulf of Mexco

rti IT1 n  rri rn  r t^m m iriM fT iril 171171171 m f i l  171 filfTlfil

YEAR

□  Louisiana _  Gulfwide
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B lack D ru m  L andings 
E as t vs W est

F ig u re  9. Location o f Commercial Black D rum  H arvest Across Louisiana, East or W est o f the 
M ississippi River. U nknown category could not be assigned to location. Data from  NM FS and 
LD W F Commercial landings data files.
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Black Drum Landings (pounds)
ju v e n ile  v s  a d u lt

9 0 / 9 1  9 1 / 9 2  9 2 / 9 3  9 3 / 9 4  9 4 / 9 5  9 5 / 9 6  9 6 / 9 7

by seasons (sept thru aug)

ID < 27 i n c h  g  > 27 in c h

F igu re  10. Percent harvest o f adult (“bull”, > 2 7 ")  and juvenile ( < 2 7 ") black drum  in fishing 
seasons 1990-91 through 1996-97. Data from  commercial landing reports (NMFS and LDW F 
data files).



Figure 11. Recreational Landings of Black Drum in Louisiana. MRFSS, NMFS data files
>

Y ear Harvest R e le a s e d T o ta l  C a tc h T o ta l  W p t A v e .  W e t . % Released
79 1,299,909 298,743 1,598,652 2,396,002 1.84 - 18.7%
80 725,760 250,994 976,754 1,817,753 2 .50 25.7%
81 192,248 71,845 264,093 559,457 2.91 27.2%
82 858,953 501,996 1,360,949 1,832,226 2.13 36.9%
83 916,554 367,647 1,284,201 2,676,410 2 .92 28.6%
84 219296 183642 402938 892317 4.07 45.6%
85 265,600 185,459 451,059 594,275 2.24 41.1%
86 802,722 333,767 1,136,489 2,367,029 2.95 29.4%
87 417,121 219,737 636,858 2,726,116 6 .54 34.5%
88 449.683 347.113 796 796 1.359.815 3.02 43.6%

E N D  P R E - R E G U L A T I O N  P E R I O D

P R E - R E G  A V G 614.785 276.094 890 879 1.77.2.140 7.80 31.0%

89 195,888 136,106 331,994 897,782 4 .58 41.0%
90 131,011 280,341 411,352 421,108 3.21 68.2%
91 110,603 284,114 394,717 537,419 4 .86 72.0%
92 208,533 406,961 615,494 824,182 3.95 66.1%
93 236,800 744,844 981,644 709,203 2.99 75.9%
94 141,806 398,462 540,268 649,263 4 .58 73.8%
95 231,350 581,183 812,533 781,129 3.38 71.5%
96 300.189 391.529 691.718 907.081 3.01 56.6%

P O S T - R F .f i  A V G 194 523 407.943 597 465 715 7.71 3 68 67 4%

Louisiana Recreational Drum Landings
Numbers and Pounds of Fish

_____________ YEAR
m  Number Pounds
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F igure  12. Total fishing licenses, resident, and non-resident saltwater fishing licenses 
(LDW F Sports License Section) and estimated numbers o f saltwater anglers from  the NMFS 
MRFSS telephone survey. MRFSS estimates include non-licensed anglers ( <  16 or > 5 9  
years o f age). "Total’' licenses includes freshwater fishing categories, Saltwater licenses are 
required in addition to the basic freshwater license. .

Saltwater recreational fishing license sales vs. estimated numbers of saltwater anglers.

SEASON NUMBER SOLD RESIDENT*
RESIDENT NONRESIDENT S.W.ANGLERS

1984-1985 102 .125
1985-1986 169.149
1986-1987 198.852
1987-1988 195.099
1988-1989 2 0 4 .686
1989-1990 2 0 8 .292
1990-1991 2 0 6 ,088
1991-1992 2 2 9 ,805
1992-1993 245 ,952
1993-1994 265 ,759
1994-1995 280 ,360
1995-1996 2 9 6 ,959
1996-1997 270 .940

20,627

421 ,418
584 ,246
633,286
557,926

14,107 456.631
19,396 349,313
27,900 363,147
33,587 428 ,818
39,591 386,330
33 .896 394,080
35,397 364 ,486
40 ,859 422,538
28.327* ** 385,297

♦source: MRFSS, NMFS
** previous years included approximately 25% freshwater (FW) fishermen.

Total and Saltwater Recreational Fishing Licenses

1984-85 1986-87 198849 1990-61 1992-93 1994-95 1996-97
Fishing Year

*  # Total licenses +  Total SW Licenses SW Resident Uc

SW Non-Resident Lie y  Total Resident Uc q . Total Non-Res Uc
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SHEEPSHEAD
5.0 STOCK ASSESSM ENT

1
January 9, 1998

This assessment uses yield-per-recruit (YPR), Spawning Potential Ratio (SPR) and catch 
curve analyses to estimate the impact o f  fishing pressure on potential yield and the spawning potential 
o f  the sheepshead stock in Louisiana waters. Estimates derived from YPR and SPR are based on 
information regarding the grow th rate and spawning potential o f  the fish, and on estimates o f  the 
natural mortality rate (M) and fishing mortality rate (F) on the stock. Catch-curve analysis estimates 
disappearance rates (Z’) from the fishery based on the relative abundance o f  each age class in the 
harvest. The results from this assessment provide a generalized approach tow ards estimating the 
im pact o f  fishing on the spawning potential and potential yield o f  the fish stock. The spawning 
biomass o f females is assumed to  be the factor limiting the spawning potential o f  the stock; therefore, 
where possible, only data on female sheepshead are used. Yield-per-recruit and SPR analysis, as with 
many other generalized assessments, should be used only as a guide until a  more comprehensive 
assessment can be conducted.

In developing a stock assessment, the unit stock must be defined. While a unit stock is often 
represented by that portion o f  the population which is genetically similar, for our purpose, the most 
applicable definition seems to  be one which considers the unit stock as that portion o f  the population 
which is either dependent on Louisiana waters, o r which is available to  Louisiana fishermen.

5 1 Growth

Von Bertalanfiy grow th parameters developed by Wilson et al. (1988) from fish harvested 
in Louisiana were used to  calculate length and weight at age for female sheepshead. The equations 
are as follows:

Female L, -  446(l-e -0 367(1+1 025))

Female Wt = 2556(l-e -0-22°o+3-23iy

where, L,= length at age t, W, = weight at age t  and t  = age in years. Age at length is calculated as:

t  = 1.025 +  ln( 1 -L /446)/-0.367

5.2 Natural Mortality

Natural mortality is one part o f  total mortality (Z) and is the mortality due to all causes other 
than fishing. These include predation, disease, spawning stress, starvation, and old age. Typically, 
natural mortality is estimated, as it is difficult to directly measure, especially on exploited fish stocks 
where natural mortality and fishing mortality occur simultaneously. N o direct measure o f  natural 
mortality for sheepshead is available; therefore, several established estimation procedures were used
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to  derive an estimate. The procedures are presented below and are taken from Sparre and Venema 
(1992).

Pauly (1980) provides a method o f  estimating natural mortality from a set o f  parameters 
including the asymptotic length and growth rate o f  the fish, and the average w ater temperature o f  the 
environment. The growth parameters from the von Bertalanfiy grow th equation described in Section
5.1 and the mean annual w ater temperature, derived from readings from a set o f  four constant 
recorders located throughout the Barataria Bay system, were used in the calculation. The mean water 
tem perature was 22.TC  for the period 1989 - 1992 (pers. comm., M. Kasprzak, 4/13/92). These 
values w ere incorporated into the length-based function o f  Pauly (1980):

ln(M) = -0.0152 - 0.279 * ln(Lro ) + 0.6543 * ln(K) + 0.463 * ln(T)

where, ln(M) = natural log o f  natural mortality, ln(L„ ) = natural log o f  the asymptotic length, ln(K) 
=  natural log o f  the grow th coefficient and ln(T) = natural log o f  the mean annual tem perature in 
degrees Celsius.

Use o f  Louisiana data on growth and w ater temperature applied to  Pauly's function results 
in a natural mortality estimate o f  M=0,78.

Alagaraja (1984) and Hoenig (1983) provide methods o f  estimating M  based on the fishes 
lifespan or longevity, and with the assumption that M=Z. Longevity is also difficult to  determine for 
exploited fish stocks, since the age distribution is usually truncated by fishing, but these methods are 
as useful as any in providing provisional estimates o f  natural mortality. The functions described by 
Alagaraja (1984) are:

M l%  =  -ln(0.01)/Tm 
. M 0.1%  =  -ln(0.001)/Tm

where, M l%  and M 0.1% are the natural mortality rates corresponding to  99%  and 99.9% mortality, 
respectively, given a fishes lifespan (Tm) in years. Sheepshead in Louisiana have been aged to  20- 
years-old (Wilson et al. 1988). I f  it is assumed that 99% or 99.9% o f  the fish die by age 20 then the 
corresponding natural mortality rates for M l%  and M 0.1% would be 0.2 and 0.35 respectively.

The function described by Hoenig(1983) is:

ln(Z) — 1.46 - 1.01 * ln(Tm)

where, when M=Z, longevity (Tm) can be defined as the maximum survival age. I f  we assume that 
the maximum age o f  sheepshead has been truncated due to fishing from 25 to  20 years, the resulting 
estimate o f  natural mortality, given Tm=25, would be 0.2.
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A nother method o f  estimating M  is described by Rikhter and Efanov (1976) and utilizes 
population age at sexual maturity. The function is:

M =  1.521/(Tm50%a720) - 0.155

where, Tm50% is the age at which 50% o f the population is mature. Age 2 is assumed the age at 
50% maturity for the sheepshead population (Wilson et al. 1988) resulting in an M o f  0.77.

In summary, the estimated rates o f  natural mortality for sheepshead in Louisiana using a 
variety o f estimation procedures are as follow:

Pauly (1980) 0.40
Alagaraja (1984) 0.20 and 0.35
Hoenig (1983) 0.20
Rikhter and Efanov (1976) 0.77

5 3 Disappearance Rates and Fishing Mortality

The disappearance rate (Z1) from the fishery comprises the total mortality (natural + fishing) 
and some unknown rate o f  decreasing availability o f  the fish to  the fishery. I f  the unknown rate o f 
availability is small or nonexistent, then the disappearance rate will be a reasonable estimate o f total 
mortality. However, if a large portion o f the disappearance rate is due to fish not being available to  
the fishery, then assuming Z - Z  will overestimate the impact o f  fishing.

W e estimated rates o f  disappearance using data from tw o sources. The first source is the 
commercial data collected through the Trip Interview Program (TIP) for 1994-1996 and the second, 
data from the recreational fishery (NMFS Marine Recreational Fishery Statistics Survey 1994-1996). 
Fish were aged by using the growth equation presented in Section 5.1. Fish with lengths greater than 
the asymptotic length were not used in developing catch-at-age and therefore not used in estimating 
disappearance rates. The elimination o f  these fish reduces the number o f  large fish that are typically 
older fish used in estimating disappearance and produces a more conservative estimate. To calculate 
disappearance rates, we regressed the natural log o f  the catch-per-unit-effort against age, beginning 
with the age at full recruitment to the fishery. This method assumes that recruitment is constant and 
the fishery is in equilibrium. Disappearance rates were calculated from the commercial and 
recreational data by year w here length frequency data was available. The calculated disappearance 
rates ranged from 0.45 to  0.60 (Table 5.1 and Figures 5.1A-C and 5.2A-C).

Catch-at-age data from the commercial and recreational fishery in 1995 was used to  derive 
age-specific selectivities to be used in yield-per-recmit analysis. The method presented in Sparre and 
Venema (1992) was used to  develop selectivities. This method uses a linearized catch curve to  
determ ine the selectivity o f  fish not yet fully recruited to  the fishery. The ratio o f the observed
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catches to  the expected catches at each age is the probability o f capture o r selectivity o f  the fishery 
at age. This selection ogive is then regressed in the equation:

ln( 1 /  S , - 1 )  = T1 - T2 * t

where, S, = the selectivity at age t, and T1 and T2 are constants corresponding to  the intercept and 
slope o f  the regression. To develop theoretical or estimated selectivities at age the following equation 
is used.

S, (estimate) = 1 / ( 1  +  exp( T 1 - T 2 *  t)

Selectivities for ages up to  full age-at-recruitment w ere used to  describe the relative fishing mortality 
to  that point; for age at full recruitment and older, selectivities are assumed to  be 1, o r 100% selected. 
Selectivities are as follows:

age 0 =  0 
age 1 =  0.0011 
age 2 = 0.0271 
age 3 =  0.3785 
ages 4 and older =  1.

5 4 Yield-per-Recruit

Yield-per-recruit and SPR analysis provides basic information about the dynamics o f  a fish 
stock  by estimating the impact o f  mortality on yield and the spawning potential o f  the stock. The 
results can be examined as to  the sensitivity o f  natural and fishing mortality rates on yield and 
spawning potential.

The growth parameters described in Section 5.1, sexual maturity described in Section 5.2 and 
the age-specific selectivities described in Section 5.3 w ere incorporated into the yield-per-recruit and 
spawning potential analysis. Fecundity estimates w ere not available, therefore; mean weight at age 
was used in the estimation o f  spawning potential. Natural mortality rates o f  0.2 and 0.3 w ere used 
in the  analysis because they are on the lower end o f  the range o f  estimates and would provide the 
m ost conservative results. These rates are also used to  describe the sensitivity o f  M  on yield and 
spawning potential. The results are presented in Table 5.2, which contains estimates o f F ^ ^  (fishing 
mortality rate that produces maximum yield), F01 (fishing mortality rate representing 10% o f  the slope 
at the origin o f a yield-per-recruit curve), F20%SPR (fishing mortality that produces 20%  SPR), F30%SVR 
(fishing mortality that produces 30% SPR), and annual estimates o f F from the disappearance rates 
calculated in Section 5.3.
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Conservation standards are intended to  protect the viability o f a fish stock for future 
generations. These standards have historically been based on a number o f  biological measures o f  the 
dynamics o f fish stocks, depending on the availability and adequacy o f  data. Conservation standards 
should be separated into two types: a conservation threshold which is entirely biologically based and, 
a conservation target which considers biological measures modified by relevant social, economic, and 
ecological factors. A conservation threshold is a biological baseline for the harvest o f a fish stock and 
should not be exceeded. It is the highest level o f  fishing mortality that will ensure that recruitment 
overfishing will not occur. Beyond the conservation threshold, a conservation target may be set, 
providing for other management goals in the fishery. Such goals may include maximizing yield in 
weight or numbers o f  fish, economic benefits or profit, employment, or some other measurable goal. 
These targets should be set at a fishing mortality rate below that o f  the conservation threshold in 
order to  ensure that the biological integrity o f  the stock is not damaged by fishing.

The spawning potential ratio (SPR) concept described by Goodyear (1989), is a species 
specific value expressed as the ratio o f  the spawning stock biomass (or egg production) per recruit 
(SSB/R) in a fished condition to the SSB/R in an unfished condition. The concept is based on the 
prem ise that below some level o f  SPR, recruitment would be expected to  be reduced. Goodyear 
(1989), recommends that in the absence o f  sufficient data to  provide a value specific to  the stock in 
question an SPR o f  20% be used as a threshold. W ork on N orth Atlantic ground fisheries also 
resulted in the calculation o f  a threshold SPR o f  20% (Gabriel et al. 1984, Gabriel 1985). An SPR 
o f  20% has been recommended for Spanish and king mackerel in the G ulf o f  Mexico (National 
Oceanic and Atmospheric Administration/National Marine Fisheries Service 1995), while an SPR o f 
8-13% has been demonstrated to be sufficient for gulf menhaden (Vaughan 1987). In earlier analyses 
o f  Louisiana spotted seatrout fisheries (Louisiana Department o f  Wildlife and Fisheries 1991), an SPR 
threshold o f  15% was recommended, based on several years o f data. M ace and Sissenwine (1993) 
examined 90 stocks o f 27 species, and reported that the average replacement SPR for all these stocks 
w as 18.7%, while the most resilient quarter o f  the stocks required a maximum o f  only 8.6% SPR. 
These authors recommended an SPR o f  30% be maintained when there is no other basis for 
estimating the replacement level, as this level was sufficient in maintaining recruitment for 80% o f  the 
stocks they examined. However, they noted that 30% may be overly conservative for an "average” 
stock, and reiterated the need for stock-specific evaluations o f standards to  enhance both safety and 
benefits in the fishery.

Sufficient information is not available to  directly estimate a conservation threshold for 
sheepshead in Louisiana. However, the conservation target o f 30% SPR established by the 1995 
R egular Session o f  the Louisiana Legislature for black drum, sheepshead, southern flounder, and 
striped mullet appears to  be adequate to  maintain the sheepshead stock and prevent recruitment 
overfishing.
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The use o f  any measure o f  the health o f a fish stock as a perfect index is arguable. It is logical 
to  conclude that growth overfishing should occur at a much lower fishing rate than that which would 
threaten recruitment. H owever, M ace and Sissenwine (1993) provide information to  suggest that 
som e stocks may have reduced recruitment at levels o f fishing that would not reduce yield-per- 
recruit. The preferable position for making recommendations on appropriate levels o f  fishing for a 
stock is to base those recommendations on actual measures o f  spawning stock size and recruitment 
for both the species and fishery in question. This requires a base o f  information resulting from 
monitoring o f  both the stock and the fishery over a variety o f  conditions. W ithout this information, 
conservation standards may either underestimate or overestimate the potential o f  a  fishery. I f  the 
potential is underestimated, society loses the economic and social benefits o f  the harvest. I f  the 
potential is overestimated and the fishery is allowed to  operate beyond sustainable levels, society loses 
the benefits o f  a sustainable fishery, and recovery will require some period o f  rebuilding, when effort 
must be reduced from the non-sustainable levels (Hilbom and Walters, 1993). Some researchers have 
speculated that overharvest o f  some stocks may lead to  their replacement in the ecosystem by other, 
often less preferred, stocks. The frequency o f  such replacements is unknown, and the cause o f  shifts 
in species predominance in an ecosystem are difficult to  ascertain, even after the fact. Such a shift 
has been reported in the Georges Bank area, where prolonged, intense harvest o f  cod and haddock 
has been implicated in gradual increases in skate and spiny dogfish populations (National Oceanic and 
Atmospheric Administration 1993).

5 6 Status o f  the Stock

Sheepshead w ere lightly exploited until the early to  mid-1980s when commercial harvest 
began to increase (Figure 5.3). Commercial landings have gone from 0.2 million pounds in the early 
1980s to  2.4 - 3.7 million pounds in the early 1990s. Landings have declined in the last four years 
from  a high o f  3.7 million pounds in 1993 to  2.6 million pounds in 1996. Harvest from the 
recreational fishery has remained stable, between 0.4 and 1.3 million pounds, for the years examined 
(1981-1996), and w ere equal to  those o f  the commercial fishery until 1987 when the commercial 
fishery began to expand (Figure 5.4). M ean catch-per-trip from the recreational fishery was 
calculated by selecting those trips that had sheepshead in their, catch. The results are presented in 
Figure 5.5 along with 95%  confidence limits around the mean. The catch-per-unit-effort (CPUE) 
indices fluctuated with no indication o f a long-term downward trend. The only statistically significant 
reduction in CPUE occurred in 1986 and 1987, being significantly lower than 1983, 1992, and 1993. 
Catch-per-effort data from the Departments, fishery-independent trammel net (750' -1  5/8" inner, 6" 
outer wall) and small mesh bag seine (50' -1/4" delta mesh) samples were calculated as follows:

M ean CPUE = ( exp ( £  In ( catch + 1 )  /  N )) -1

where, catch is the total number caught in each set and, N  is the number o f  samples taken annually. 
Trammel net data were used for the period 1986-1996, and seine data were used for the period 
1992-1996. Seine and trammel net CPUE fluctuated throughout the time period with no indication 
o f  a long-term downward trend; however, mean CPUE in seines for 1996 and 1997 were the lowest
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o f  the years examined and mean CPUE in trammel nets for 1997 was the lowest observed (Figure 5.6 
and 5.7).

Rules for the harvest o f  sheepshead changed recently. Commercial harvest methods were 
changed on August 15, 1995 when Act 1316 o f  the 1995 Regular Legislative Session, the Marine 
Resources Conservation Act o f  1995, became effective. This act outlawed the use o f  "set" gill nets 
or trammel nets in saltwater areas o f  Louisiana, and restricted sheepshead harvest by the use o f 
"strike" nets to the period between the third Monday in October and March 1 o f  the following year. 
A "Restricted Species Permit" was required in order to harvest sheepshead, and several criteria were 
established in order to  qualify for that permit. This set o f  regulations had the effect o f  reducing the 
harvest o f sheepshead by this segment o f the commercial fishing industry.

It should be noted that the following results o f  YPR and SPR analysis do not reflect the 
im pact o f  current regulations described above. With this type o f  general assessment, it will take 
several years before the impact o f  regulations will be observed in the disappearance rates from the 
fishery.

The results o f YPR analysis indicate that if  M=0.2 (the most conservative value within the 
range o f  estimates), the fishery prior to  existing regulations was operating at approximately F0, and 
well below F^Ax, with yield o f  76% to 86% o f maximum, and SPR at 40% to 50%. An M  o f  0.3 (the 
highest value examined) would indicate a more lightly fished stock with yield being 47%  to 66% o f 
maximum and with SPR being 58% to 71% (Table 5.2).

5.7 Research and Data Needs

Estim ates o f  natural mortality used in the present assessment show wide variation. This 
variation reduces the reliability o f  the present assessment in providing an accurate prediction o f the 
potential yield o f the stock, and also reduces the confidence level o f  the present estimate o f  SPR. A 
more precise estimate o f  natural mortality would assist in both o f  these problems.

Annual age-length keys should continue to be developed to  provide catch-at-age data 
necessary to conduct age-based population assessments. The department is in the process o f  
collecting otoliths for development o f  annual age-length keys.

The relationship between wetlands losses or modifications and the continuation o f  fishery 
production within the state has been discussed by many authors. However, this relationship is likely 
to  be different for the various fishery species. Understanding o f this relationship for sheepshead 
should be an ongoing priority.

In the presence o f  changing regulations, fishery-dependent information is not a reliable source 
o f  data necessary to assess the status o f  a fish stock. However, such data is necessary to  measure the 
effects o f  fishing on that stock. Consistent fishery-dependent and fishery-independent data sources.



in a comprehensive monitoring plan, are essential to  understanding the status o f  fishery stocks, and 
to  identifying causes o f  changes in stock abundance. Present programs should be assessed for 
adequacy with respect to  their ability to evaluate stock status, and modified or enhanced to  optimize 
their capabilities.
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Table 5.1

1994

1995

1996

Regression Output from the Estimation of Disapearance Rates

COMMERCIAL RECREATIONAL

Regression Output: Regression Output:
Constant 6.6849685 Constant 12.73822
Std Err of Y Est 0.2664827 Std Err of Y Est 0.3804634
R Squared 0.9775528 R Squared 0.9494298
No. of Observations 11 No. of Observations 9
Degrees of Freedom 9 Degrees of Freedom 7

XCoefficient(s) -0.503017 XCoefficient(s) -0.56308
Std Err of Coef. 0.0254081 Std Err of Coef. 0.0491176

Regression Output: Regression Output:
Constant 7.9181322 Constant 13.820206
Std Err of Y Est 1.79E-018 Std Err of Y Est 0.5661883
R Squared 1 R Squared 0.8923711
No. of Observations 12 No. of Observations 10
Degrees of Freedom 10 Degrees of Freedom 8

XCoefficient(s) -0.457752 XCoefficient(s) -0.507677
Std Err of Coef. 1.5E-019 Std Err of Coef. 0.0623353

Regression Output: Regression Output:
Constant 7.4404283 Constant 13.999778
Std Err of Y Est 0.4093899 Std Err of Y Est 0.7319099
R Squared 0.9455771 R Squared 0.8251943
No. of Obsenations 12 No. of Observations 8
Degrees of Freedom 10 Degrees of Freedom 6

XCoefficient(s) -6.45126 X Coefficients) -0.601048
Std Err of Coef. 0.0342349 Std Err of Coef. 0.1129361



Table 5.2 - Results of Yield Per Recruit and SPR Analysis for Sheepshead
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M=0.2
F Ratio YPR SPR %SPR %YPR

Fmax = 2.0000 533.6046 1,076 2037% 100.00%

FO.I = 0.2954 428.6514 2,435 46.58% 8033% Benchmarks

F20% = 2.1628 534.4601 1,046 20.00% 100.00%

F30% = 0.7737 508.8837 1369 30.00% 9537%

1994 Commercial 03030 431.7646 2,407 46.04% 80.91%

1995 Commercial 0.2578 411.1336 2387 49.49% 77.05%

1996 Commercial 0.2513 407.6973 2316 50.04% 76.40% Estimates

1994 Recreational 03631 452.2850 2316 4239% 84.76%

1995 Recreational 03077 433.6023 2391 45.73% 8136%

1996 Recreational 0.4010 4623798 2,117 40.48% 86.65%

M=0.3
F Ratio YPR SPR %SPR %YPR

Fmax = 2.0000 3643920 794 3034% 100.00%

F0.1 = 0.4611 283.7750 1325 50.44% 77.90% Benchmarks

F20% = 73629 393.5929 525 20.00% 100.00%

F30% = 2.0502 365.0539 788 30.00% 100.00%

1994 Commercial 03030 203.0874 1,741 6630% 55.75%

1995 Commercial 0.1578 1763549 1367 71.09% 48.47%

1996 Commercial 0.1513 172.1976 1387 71.86% 4737% Estimates

1994 Recreational 03631 2303482 1307 6131% 6 3 3 0 %

1995 Recreational 03077 205.4851 1,729 65.85% 56.41%

1996 Recreational 03010 243.9743 1338 5835% 66.97% 1
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Figure 5.1 A - Disappearance Rate for Sheepshead 
Louisiana Commercial Fishery (1994)
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Figure 5.1 B - Disappearance Rate for Sheepshead 
Louisiana Commercial Fishery (1995)
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Figure 5.1 C - Disappearance Rate for Sheepshead 
Louisiana Commercial Fishery (1996)
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Figure 5.2B - Disappearance Rate for Sheepshead 
Louisiana Recreational Fishery (1995)
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Figure 5.2C - Disappearance Rate for Sheepshead 
Louisiana Recreational Fishery (1996)
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Figure 5.3 - Commercial Harvest of Sheepshead 
in Louisiana
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Figure 5.5 - Catch per Effort for Sheepshead in Louisiana 
NMFS Marine Recreational Fishery Statistics Survey
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Figure 5.7 - Catch per Effort for Sheepshead in Trammel Nets 
Marine Fisheries Division, Monitoring Program
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SOUTHERN FLOUNDER
5.0 STOCK ASSESSM ENT
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This assessment uses yield-per-recmit (YPR), Spawning Potential Ratio (SPR) and catch 
curve analyses to estimate the impact o f fishing pressure on potential yield and the spawning potential 
o f the southern flounder stock in Louisiana waters. Estimates derived from YPR and SPR are based 
on information regarding the growth rate and spawning potential o f  the fish, and on estimates o f  the 
natural mortality rate (M) and fishing mortality rate (F) on the stock. Catch-curve analysis estimates 
disappearance rates (Z1) from the fishery based on the relative abundance o f  each age class in the 
harvest. The results from this assessment provide a generalized approach tow ards estimating the 
impact o f  fishing on the spawning potential and potential yield o f the fish stock. The spawning 
biomass o f females is assumed to be the factor limiting the spawning potential o f  the stock; therefore, 
where possible, only data on female southern flounder are used. Yield-per-recmit and SPR analysis, 
as with many other generalized assessments, should be used only as a guide until a more 
comprehensive assessment can be conducted.

In developing a stock assessment, the unit stock must be defined. While a unit stock is often 
represented by that portion o f  the population which is genetically similar, for our purpose, the most 
applicable definition seems to  be one which considers the unit stock as that portion o f  the population 
which is either dependent on Louisiana waters, or which is available to  Louisiana fishermen.

5.1 Growth

Von Bertalanfty growth parameters were calculated for female southern flounder in Louisiana 
by using aged samples collected by Thompson (B. Thompson, Coastal Fisheries Institute, Louisiana 
State University, unpublished data) combined with juveniles assigned to  age 0 ( < 100 mm total 
length) by length frequency analysis from LDW F fishery-independent trawl samples. From the 
combined data, a three-param eter von Bertalanfty growth equation was estimated using nonlinear 
approximation (SAS, 1987). The equation is as follows:

Female L, = 509(l-e -°-8M6<'-0-<»54>)

where, L,= length at age t. A plot o f the data and predicted growth is provided in Figure 5.1. 
A length-weight regression for female southern flounder was derived using fish collected in Louisiana 
by Thompson (unpublished data) and the LDWF fishery-independent surveys. The resulting output 
o f  the SAS regression analysis is presented in Table 5.1. The length-weight regression used is as 
follows:

log W = 3.18369 * log L - 5.386116

where, W = body weight in grams, and L = total length in millimeters. A plot o f the data and 
predicted weight-at-length is provided in Figure 5.2.



5.2 Natural Mortality
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Natural mortality is one part o f total mortality (Z) and is the mortality due to  all causes other 
than fishing. These include predation, disease, spawning stress, starvation, and old age. Typically, 
natural mortality is estimated as it is difficult to  directly measure, especially on exploited fish stocks 
w here natural mortality and fishing mortality occur simultaneously. N o direct measure o f  natural 
mortality for southern flounder is available; therefore, several established estimation procedures were 
used to  derive an estimate. The procedures are presented below and are taken from Sparre and 
Venema (1992). *

Pauly (1980) provides a method o f  estimating natural mortality from a set o f parameters 
including the asymptotic length and growth rate o f the fish, and the average w ater temperature o f  the 
environment. The growth parameters from the von Bertalanfiy growth equation described in Section
5.1 and the mean annual w ater temperature, derived from readings from a set o f  four constant 
recorders located throughout the Barataria Bay system, were used in the calculation. The mean water 
tem perature was 22.7°C for the period 1989 - 1992 (pers. comm., M. Kasprzak, 4/13/92). These 
values were incorporated into the length-based function o f  Pauly (1980):

ln(M) = -0.0152 - 0.279 * ln(Lro ) + 0.6543 * ln(K) + 0.463 * ln(T).

where, ln(M) = natural log o f  natural mortality, ln(L* ) = natural log o f  the asymptotic length, ln(K) 
= natural log o f  the grow th coefficient and ln(T) = natural log o f  the mean annual temperature in 
degrees Celsius.

Use o f Louisiana data on growth and w ater temperature applied to  Pauly's function results 
in a natural mortality estimate o f  M =1.33.

Alagaraja (1984) and Hoenig (1983) provide methods o f  estimating M  based on the fish’s 
lifespan or longevity with the assumption that M=Z. Longevity is also difficult to  determine for 
exploited fish stocks, since the age distribution is usually truncated by fishing, but these methods are 
as useful as any in providing provisional estimates o f  natural mortality. The functions described by 
Alagaraja (1984) are:

M l%  =  -ln(0.01)/Tm 
M 0.1% =  -ln(0.001)/Tm

where, M l%  and M 0.1% are the natural mortality rates corresponding to  99%  and 99.9% mortality, 
respectively, given a fish’s lifespan (Tm) in years. Female southern flounder in Louisiana have been 
aged to 7-years-old (Thompson, personal communication). I f  it is assumed that 99% or 99.9% o f 
the fish die by age 7 then corresponding natural mortality rates for M l%  and M 0 .1% would be 0.66 
and 0.99 respectively.
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The function described by Hoenig(1983) is:

ln (Z )=  1.46-  1.01 * ln(Tm)

where, when M=Z, longevity (Tm) can be defined as the maximum survival age. If  we assume that 
the maximum age o f  southern flounder has been truncated due to  fishing from 9 to  7 years, the 
resulting estimate o f  natural mortality, given Tm=9, would be 0.47. However, i f  our assumption is 
incorrect and the maximum age is 7 years then the estimate o f natural mortality would be 0.60.

Another method o f  estimating M  is described by Rikhter and Efanov (1976) and utilizes 
population age at sexual maturity. The function is:

M  = 1.52 l/(Tm 50% a72°) - 0.155

where, Tm50% is the age at which 50% o f the population is mature. Age 1 is assumed to  be the age 
at 50% maturity, based on the length at sexual maturity found by several researchers (Adkins et al. 
1996), and results in an M o f 1.37. However, if  50% maturity occurs at age 2 rather than age 1, the 
estimate o f  natural mortality would be 0.77.

In summary, the estimated rates o f natural mortality for southern flounder in Louisiana using 
a variety o f  estimation procedures are as follow:

Pauly (1980) 0.68
Alagaraja (1984) 0.66 and 0.99
H oenig (1983)

1) Longevity 9 years 0.47
2) Longevity 7 years 0.60

Rikhter and Efanov (1976)
1) 50% maturity age 1 1.37
2) 50% maturity age 2 0.77

5.3 Disappearance Rates and Fishing Mortality

The disappearance rate (Z') from the fishery comprises total mortality (natural + fishing) and 
some unknown rate o f decreasing availability o f  the fish to  the fishery. I f  the unknown rate o f 
availability is small or nonexistent, then the disappearance rate will be a reasonable estimate o f  total 
mortality. However, if a large portion o f  the disappearance rate is due to  fish not being available to 
the fishery, then assuming Z - Z  will overestimate the impact o f fishing.

We estimated rates o f  disappearance using data from tw o sources. The first source is the 
commercial data collected through the Trip Interview Program (TIP) for 1994-1996, and the second, 
data from the recreational fishery (NMFS Marine Recreational Fishery Statistics Survey 1994-1996). 
The data from both o f the surveys did not distinguish between sexes, therefore w e assumed for this 
assessment that all fish sampled were female. Fish were aged by using an age-length key developed



from otolith aging o f fish by Thompson (unpublished data) and LDWF’s ongoing aging study. Eleven 
hundred and seventy nine aged fish were used in the development o f  the age-length key (Table 5.2). 
To calculate disappearance rates, we regressed the natural log o f the catch-per-unit-effort against age, 
beginning with the age at full recruitment to  the fishery. This method assumes that recruitment is 
constant and the fishery is in equilibrium. Disappearance rates were calculated from the commercial 
and recreational data by year where length frequency data was available. The calculated 
disappearance rates ranged from 1.1 to  1.3 (Table 5.3 and Figures 5.3A-C and 5.4A-C).

Catch-at-age from the commercial and recreational fishery in 1995 was used to  derive 
age-specific selectivities to  be used in yield-per-recruit analysis. The method presented in Sparre and 
V enem a (1992) was used to  develop selectivities. This method uses a linearized catch curve to  
determ ine the selectivity o f  fish not yet fully recruited to the fishery. The ratio o f  the observed 
catches to the expected catches at each age is the probability o f  capture or selectivity o f  the fishery 
at age. This selection ogive is then regressed in the equation:

ln( 1 / St - 1 ) = T1 - T2 * t

where, S, = the selectivity at age t, and T1 and T2 are constants corresponding to  the intercept and 
slope o f  the regression. To develop theoretical or estimated selectivities at age the following equation 
is used:

St (estimate) = 1 / ( 1 +  exp( T1 - T2 * t)

Selectivities for ages up to  full age-at-recruitment were used to describe the relative fishing 
m ortality to  that point; for age at full recruitment and older, selectivities are assumed to  be 1, or 
100% selected. Selectivities are as follows:

age 0 = 0.012 
ages 1 and older -  1.
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5 4 Yield per Recruit

Yield-per-recruit and SPR analysis provides basic information about the dynamics o f  a fish 
stock by estimating the impact o f mortality on yield and the spawning potential o f  the stock. The 
results can be examined as to  the sensitivity o f  natural and fishing mortality rates on yield and 
spawning potential.

The growth parameters described in Section 5.1, sexual maturity described in Section 5.2 and 
the age-specific selectivities described in Section 5.3 were incorporated into the yield-per-recruit and 
spawning potential analysis. Fecundity estimates were not available, therefore; mean weight at age 
was used in the estimation o f  spawning potential. Natural mortality rates o f  0.5 to  0.8 by 0.1 were 
used in the analysis because they are on the low er end o f  the range o f estimates and would provide 
the most conservative results. These rates are also used to  describe the sensitivity o f  M on yield and 
spawning potential. The results are presented in Table 5.4, which contains estimates o f FMAX (fishing 
mortality rate that produces maximum yield), F01 (fishing mortality rate representing 10% o f  the slope
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at the origin o f a yield-per-recruit curve), F20%SPR (fishing mortality that produces 20% SPR), F30%SPR 
(fishing mortality that produces 30% SPR), and annual estimates o f F from the disappearance rates 
calculated in Section 5.3.

5.5 Conservation Standards

Conservation standards are intended to  protect the viability o f  a fish stock for future 
generations. These standards have historically been based on a number o f  biological measures o f  the 
dynamics offish stocks, depending on the availability and adequacy o f  data. Conservation standards 
should be separated into two types: a conservation threshold which is entirely biologically based and, 
a conservation target which considers biological measures modified by relevant social, economic, and 
ecological factors. A conservation threshold is a biological baseline for the harvest o f  a fish stock and 
should not be exceeded. It is the highest level o f  fishing mortality that will ensure that recruitment 
overfishing will not occur. Beyond the conservation threshold, a conservation target may be set, 
providing for other management goals in the fishery. Such goals may include maximizing yield in 
weight or numbers offish, economic benefits or profit, employment, or some other measurable goal. 
These targets should be set at a fishing mortality rate below that o f  the conservation threshold in 
order to  ensure that the biological integrity o f  the stock is not damaged by fishing.

The spawning potential ratio (SPR) concept described by Goodyear (1989), is a species 
specific value expressed as the ratio o f the spawning stock biomass (or egg production) per recruit 
(SSBZR) in a fished condition to  the SSB/R in an unfished condition. The concept is based on the 
premise that below some level o f  SPR, recruitment will be reduced. Goodyear (1989), recommends 
that in the absence o f sufficient data to  provide a value specific to  the stock in question an SPR o f 
20% be used as a threshold. Work on North Atlantic ground fisheries also resulted in the calculation 
o f  a  threshold SPR o f  20%  (Gabriel et al. 1984, Gabriel 1985). An SPR o f  20% has been 
recommended for Spanish and king mackerel in the Gulf o f Mexico (National Oceanic and 
Atmospheric Administration/National Marine Fisheries Service 1995), while an SPR o f  8-13% has 
been demonstrated to  be sufficient for gu lf menhaden (Vaughan 1987). In earlier analyses o f 
Louisiana spotted seatrout fisheries (Louisiana Department o f  Wildlife and Fisheries 1991), an SPR 
threshold o f 15% was recommended based on several years o f  data. M ace and Sissenwine (1993) 
examined 90 stocks o f  27 species, and reported that the average replacement SPR for all these stocks 
was 18.7%, while the most resilient quarter o f  the stocks required a maximum o f  only 8.6%. These 
authors recommended that an SPR o f 30% be maintained when there is no other basis for estimating 
the replacement level, as this level was sufficient in maintaining recruitment for 80% o f  the stocks 
examined. However, they noted that 30% may be overly conservative for an "average” stock, and 
reiterated the need for stock-specific evaluations o f  standards to enhance both safety and benefits in 
the fishery.

Sufficient information is not available to  directly estimate a conservation threshold for 
southern flounder in Louisiana. However, the conservation target o f 30%  SPR established by the 
1995 Regular Session o f  the Louisiana Legislature for black drum, southern flounder, sheepshead, 
and striped mullet appears to  be adequate to  maintain the southern flounder stock and prevent 
recruitment overfishing.
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The use o f  any measure o f the health o f  a fish stock as a perfect index is arguable. It is logical 
to  conclude that growth overfishing should occur at a much lower fishing rate than that which would 
threaten recruitment. However, M ace and Sissenwine (1993) provide information to  suggest that 
som e stocks may have reduced recruitment at levels o f  fishing that would not reduce yield-per- 
recruit. The preferable position for making recommendations on appropriate levels o f fishing for a 
stock is to  base those recommendations on actual measures o f spawning stock size and recruitment 
fo r both the species and fishery in question. This requires a base o f  information resulting from 
monitoring o f both the stock and the fishery over a variety o f  conditions. W ithout this information, 
conservation standards may either underestimate or overestimate the potential o f  a  fishery. I f  the 
potential is underestimated, society loses the economic and social benefits o f  the harvest. I f  the 
potential is overestimated and the fishery is allowed to  operate beyond sustainable levels, society loses 
the benefits o f a sustainable fishery, and recovery will require some period o f  rebuilding, when effort 
must be reduced from the non-sustainable levels (Hilbom and Walters, 1993). Some researchers have 
speculated that overharvest o f some stocks may lead to  their rep la cem e n ts  the ecosystem by other, 
often less preferred, stocks. The frequency o f  such replacements is unknown, and the cause o f  shifts 
in species predominance in an ecosystem are difficult to  ascertain, even after the fact. Such a shift 
has been reported in the Georges Bank area, w here prolonged, intense harvest o f  cod and haddock 
has been implicated in gradual increases in skate and spiny dogfish populations (National Oceanic and 
Atmospheric Administration 1993).

5.6 Status o f the Stock

Rules for the harvest o f southern flounder have changed substantially over the last three years. 
Commercial harvest methods were changed on August 15, 1995 when Act 1316 o f  the 1995 Regular 
Legislative Session, the Marine Resources Conservation Act o f 1995, became effective. This act 
outlawed the use o f  "set" gill nets or trammel nets in saltwater areas o f  Louisiana, and restricted 
flounder harvest by the use o f  "strike" nets to  the period between the third M onday in O ctober and 
M arch 1 o f  the following year. A "Restricted Species Permit" was required in order to  harvest 
flounder, and several criteria were established in order to qualify for that permit. This set o f 
regulations had the effect o f  substantially reducing the harvest o f  flounder by this segment o f  the 
commercial fishing industry.

A second set o f  regulations became effective on May 1,1996. Recreational harvesters were 
restricted to  a creel limit o f  ten (10) southern flounder, with one day's limit in possession. A t the 
same time, the use o f  strike nets for the harvest o f  southern flounder was outlawed, and other 
commercial harvesters were limited to  a  possession limit o f ten (10) fish per person aboard a 
commercial vessel. This set o f  regulations reduced the ability o f  some recreational harvesters to 
retain southern flounder, and also reduced the harvest potential o f  the commercial fishing industry.

In 1997, regulations w ere again changed by Acts 1163 and 1352 o f  the 1997 Regular 
Legislative Session. Recreational and commercial harvesters continued to  have daily take limit o f  10 
fish, but were allowed that take limit for each day on the water. Additionally, commercial shrimping 
vessels are limited to  100 pounds o f  southern flounder per shrimping trip.
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Commercial landings have fluctuated over the period 1950-1996 with the highest landings in 
the mid-1980s and mid-1990s at 0.94 and 0.97 million pounds, respectively (Figure 5.5). Regulatory 
measures implemented in 1995 and 1996 had much to do with the reduction in commercial harvest 
o f  flounder (61,755 pounds) in 1996. Recreational landings were equal to o r greater than those o f  
the commercial fishery until 1991 when the commercial fishery began harvesting a greater percentage 
o f  the total harvest (Figure 5.6). As a result o f  the regulatory measures described above the 
recreational harvest was greater than the commercial harvest in 1996. Harvest from the recreational 
fishery has fluctuated for the years examined (1981-1996), and has been relatively stable since 1988. 
M ean catch-per-trip from the recreational fishery was calculated by selecting those trips that had 
southern flounder in the catch. The means with 95% confidence limits are presented in Figure 5.7. 
The catch-per-effort (CPUE) indices seem to  cycle over the years examined, with 1987 having the 
lowest mean cpue. Since 1990 cpue has shown a declining trend with 1995 being significantly lower 
then 1982 and 1990. Catch-per-effort data from the Departments, fishery-independent trammel net 
(750' - 1 5/8" inner, 6" outer wall) and 16-foot flat otter trawl samples w ere calculated as follows:

M ean CPUE = ( exp ( ^  In ( catch +1 ) /  N  )) -1

where, catch is the total number caught in each set and, N  is the number o f  samples taken annually. 
Trammel net data were used for the period 1986-1997, and 16-foot trawl data were used for the 
period 1967- 1997. Trammel net samples are collected from October through March. In order to 
use the most recent data available to  us in this report, trammel net CPUE was estimated for two 
periods (January-March and October-December). This allowed the use o f  1997 data through 
December. CPUE estimates from trammel nets fluctuated without any indication o f  a downward 
trend (Figure 5.8A-C). The large amount o f variation in January - March samples for 1987 is due to 
small sample size (Figure 5.8A). Standardized CPUE estimates presented in Figure 5.8C indicate 
better than average catches in the latter half o f  the years examined, with four o f  the last six years 
being above average. Trawl data was used to  provide an index o f  young-of-the-year recruitment. 
The long-term database provide by 16-foot trawl data shows how CPUE cycles over time and 
represent natural fluctuations in recruitment. W hatever the cause o f  the cyclic nature o f  the indices, 
no evidence from the 16-foot trawl data indicates a long-term downward trend in CPUE for southern 
flounder (Figure 5.9).

It should be noted that the following results o f YPR and SPR analysis do not reflect the 
im pact o f current regulations described above. With this type o f general assessment, it will take 
several years before the impact o f  regulations will be observed in the disappearance rates from the 
fishery.

The results o f  YPR analysis indicate that if  M=0.5 (the most conservative value within the 
range o f estimates), the fishery prior to existing regulations was operating between F0, and FMAX, with 
yields o f 93% to 94% o f maximum and SPR at 27% to  28%. An M o f 0.8 (the highest value within 
the range examined) would produce yields o f  65% to  67% o f maximum with SPR at 51% to 52% 
(Table 5.4).
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Regulations implemented since 1995 have significantly reduced harvest and have likely 
reduced fishing mortality rates from those currently estimated. SPRs that will result from current 
regulations will likely be above 30%.

5.7 Research and Data Needs

Estim ates o f  natural mortality used in the present assessment show wide variation. This 
variation reduces the reliability o f  the present assessment in providing an accurate prediction o f  the 
potential yield o f the stock, and also reduces the confidence level o f  the present estimate o f  SPR. A 
m ore precise estimate o f  natural mortality would assist in both o f  these problems.

Annual age-length keys should continue to  be developed to  provide catch-at-age data 
necessary to  conduct age-based population assessments. The department is in the process o f  
collecting otoliths for development o f  annual age-length keys.

The relationship between wetlands losses or modifications and the continuation o f  fishery 
production within the state has been discussed by many authors. However, this relationship is likely 
to  be different for the various fishery species. Understanding o f this relationship for southern flounder 
should be an ongoing priority.

In the presence o f changing regulations, fishery-dependent information is not a reliable source 
o f  data necessary to assess the status o f a fish stock. However, such data is necessary to measure the 
effects o f fishing on that stock. Consistent fishery-dependent and fishery-independent data sources, 
in a comprehensive monitoring plan, are essential to  understanding the status o f  fishery stocks, and 
to  identifying causes o f  changes in stock abundances. Present programs should be assessed for 
adequacy with respect to  their ability to  evaluate stock status, and modified or enhanced to  optimize 
their capabilities.
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Table 5.1 - SAS output from length-weight regression analysis

The SAS System

Model: MODEL 1 
Dependent Variable: LOG W

Analysis o f  Variance

Sum o f Mean
Source DF Squares Square F Value Prob>F

Model 1 54.62048 54.62048 14726.405 0.0001
Error 966 3.58291 0.00371
C Total 967 58.20339

R oot M SE 0.06090 R-square 0.9384
D ep M ean 2.90704 Adj R-sq 0.9384
C V  2.09497

Parameter Estimates

Param eter Standard T for HO:
Variable DF Estimate Error Parameter=0 Prob > |T|

INTERCEP 1 -5.386116 0.06836746 -78.782 0.0001
L O G L  1 3.183690 0.02623508 121.352 0.0001
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Table 5.2 - Age-at-length distribution offish  used in age-length key development.

Length
(inches)

AGE

0 1 2 3 4 5 6 7 Total
5 1 1
6
7 1 1
8 6 4 10
9 2 10 12
10 12 17 29
11 10 21 3 2 36
12 5 40 8 2 55
13 8 57 8 3 76
14 4 94 29 1 128
15 1 139 38 5 ■1 184
16 122 48 7 1 178
17 1 87 53 14 3 158
18 64 45 13 2 3 127
19 34 33 7 5 2 1 82
20 10 16 2 6 1 35
21 10 15 8 5 38
22 3 4 1 1 9
23 5 2 3 1 12
24 3 1 2 6
25 1 1
26 1 1
Total 49 712 304 74 28 9 2 1 1,179
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Table 5.3

1994

1995

1996

Regression Output from the Estimation of Disapearance Rates 

COMMERCIAL RECREATIONAL

Regression Output: Regression Output:
Constant 6.9376786 Constant 6.5849014
Std Err of Y Est 0.1828934 Std Err of Y Est 0.2809178
R Squared 0.995106 R Squared 0.9918464
No. of Observations 7 No. of Observations 7
Degrees of Freedom 5 Degrees of Freedom 5

X Coefficient(s) -1.10206 X Coefficient(s) -1.309284
Std Err of Coef. 0.0345636 Std Err of Coef. 0.0530885

Regression Output: Regression Output:
Constant 7.7152163 Constant 6.0414293
Std Err of Y Est 0.3272334 Std Err of Y Est 0.4842199
R Squared 0.9883735 R Squared 0.9748888
No. of Observations 7 No. of Observations 7
Degrees of Freedom 5 Degrees of Freedom 5

X Coefficient(s) -1.274968 X Coefficient(s) -1.274948
Std Err of Coef. 0.0618413 Std Err of Coef. 0.091509

Regression Output: Regression Output:
Constant 5.2408874 Constant 6.1725039
Std Err of Y Est 0.2943004 Std Err of Y Est 0.3403004
R Squared 0.9898797 R Squared 0.9879574
No. of Observations 7 No. of Observations 7
Degrees of Freedom 5 Degrees of Freedom 5

X Coefficient(s) -1.229961 X Coefficient(s) -1.3025
Std Err of Coef. 0.0556175 Std Err of Coef. 0.0643107
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Table 5.4 Results of Yield per Recruit and SPR Analysis for Southern Flounder 

M=0.5
F Ratio YPR SPR %SPR %YPR

F-max = 2.0000 0.6437 0.3218 11.70% 100.00%
F0.1 = 0.5521 0.5600 1.0143 36.86% 87.00% Benchmarks

F30% = 0.7207 0.5950 0.8256 30.00% 92.44%
F20% = 1.1450 - 0.6302 0.5504 20.00% 97.90%

1994 Commercial5 0.6000 0.5721 0.9535 34.65% 88.88%
1995 Commercial5 0.7700 . 0.6020 0.7818 28.41% 93.52%
1996 Commercial5 0.7300 0.5964 0.8170 29.69% 92.65% Estimates

1994 Recreational5 0.8000 0.6057 0.7571 27.51% 94.09%
1995 Recreational5 0.7700 0.6020 0.7818 28.41% 93.52%
1996 Recreational5 0.8000 0.6057 0.7571 27.51% 94.09%

M=0.6
F Ratio YPR SPR %SPR %YPR

F-max 5 2.0000 0.5608 0.2779 14.06% 100.00%
F0.1 = 0.6678 0.4757 0.7099 35.91% 84.83% Benchmarks

F30% = 0.8460 0.5038 0.5931 30.00% 89.84%
F20% = 1.3629 0.5422 0.3954 20.00% 96.68%

1994 Commercial5 0.5000 0.4332 0.8638 43.70% 77.24%
1995 Commercial5 0.6700 0.4762 0.7082 35.82% 84.91%
1996 Commercial5 0.6300 0.4679 0.7401 37.44% 83.42% Estimates

1994 Recreational5 0.7000 0.4818 0.6858 34.69% 85.92%
1995 Recreational5 0.6700 0.4762 0.7082 35.82% 84.91%
1996 Recreational5 0.7000 0.4818 0.6858 34.69% 85.92%

M-0.7
F Ratio YPR SPR %SPR %YPR

F-max 5 2.0000 0.4858 0.2405 16.49% 100.00%
F0.1 = 0.7970 0.4105 0.5126 35.13% 84.49% Benchmarks

F30% = 0.9842 0.4332 0.4377 30.00% 89.16%
F20% = 1.6064 0.4726 0.2918 20.00% 97.28%

1994 Commercial5 0.4000 0.3140 0.7826 53.63% 64.63%
1995 Commercial5 0.5700 0.3671 0.6416 43.97% 75.55%
1996 Commercial5 0.5300 0.3566 0.6705 45.95% 73.40% Estimates

1994 Recreational5 0.6000 0.3742 0.6213 42.58% 77.03%
1995 Recreational5 0.5700 0.3671 0.6416 43.97% 75.55%
1996 Recreational5 0.6000 0.3742 0.6213 42.58% 77.03%

M=0.8
F Ratio YPR SPR %SPR %YPR

F-max = 2.0000 0.4218 0.2086 18.93% 100.00%
F0.1 = 0.9435 0.3596 0.3788 34.37% 85.25% Benchmarks

F30% = 1.1347 0.3777 0.3306 30.00% 89.56%
F20% 5 1.8747 0.4174 0.2204 20.00% 98.98%

1994 Commercial5 0.3000 0.2134 0.7089 64.33% 50.59%
1995 Commercial5 0.4700 0.2742 0.5812 52.74% 65.02%
1996 Commercial5 0.4300 0.2622 0.6074 55.12% 62.16% Estimates

1994 Recreational5 0.5000 0.2826 0.5629 51.08% 67.00%
1995 Recreational5 0.4700 0.2742 0.5812 52.74% 65.02%
1996 Recreational5 0.5000 0.2826 0.5629 51.08% 67.00%
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Figure 5.1 Fit of Growth Equation to Observed Age at Length 
Female Southern Flounder

AGE
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Figure 5.2 - Fit of Length Weight Regression 
Female Southern Flounder
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Figure 5.3A - Disappearance Rate for Southern Flounder 
Louisiana Commercial Fishery (1994)
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Figure 5.3B - Disappearance Rate for Southern Flounder 
Louisiana Commercial Fishery (1995)
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Figure 5.30 - Disappearance Rate for Southern Flounder 
Louisiana Commercial Fishery (1996)
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Figure 5.4A - Disappearance Rate for Southern Flounder 
Louisiana Recreational Fishery (1994)
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Figure 5.46 - Disappearance Rate for Southern Flounder 
Louisiana Recreational Fishery (1995)
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Figure 5.4C - Disappearance Rate for Southern Flounder 
Louisiana Recreational Fishery (1996)
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Figure 5.5 - Commercial Harvest of Southern Flounder
in Louisiana
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Figure 5.6 - Louisiana Commercial and Recreational Harvest 
of Southern Flounder
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Figure 5.7 - Catch per Effort of Southern Flounder in Louisiana 
NMFS Marine Recreational Fishery Statistics Survey
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Figure 5.8A - Catch per Effort of Southern Flounder in Trammel Nets 
Marine Fisheries Division, Monitoring Program (January - March)
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Figure 5.8B - Catch per Effort of Southern Flounder in Trammel Nets 
Marine Fisheries Division, Monitoring Program (October - December)
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Figure 5.8C - Standardized CPUE of Southern Flounder in Trammel Nets 
Marine Fisheries Division, Monitoring Program
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22

Figure 5.9 - Catch per Effort of Southern Flounder in 16' Trawls 
Marine.Fisheries Division, Monitoring Program
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STRIPF.D MULLET
SUMMARY OF CHANGES FROM  1997 ASSESSM ENT

This summary is intended to provide a quick reference o f substantive changes in methods 
or corrections in this year's assessment from the 1997 assesment conducted for striped mullet.

A fishing year o f  February through the following January is used for fishery-dependent 
analyses, including estimation o f  disappearance rates. This is to coincide w ith the current 
commercial season that runs from October through the following January.

The age-length key used here included ages from LSU's Louisiana data and only fishery- 
dependent samples from the LDW F database. Fishery-dependent samples from 
Mississippi and from the Sabine W ildlife Refuge Impoundment in  the LSU database were 
deleted. Additionally, fish collected from fishery-independent sampling programs in the 
DWF dataset were deleted. The result was an age-length key that should be a  better 
representation o f  the ages o f fish actually harvested by the fishery.

Selectivities were re-calculated based on the new age-length key. The age at full 
recruitment, and the relative selectivities are different from last year's report.

Fishery-independent catch-per-effort indices were calculated on a January-M ay basis, 
rather than a  January-April basis.
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STRIPED MULLET
5,0 STOCK ASSESSMENT

This assessment uses yield per recruit (YPR), spawning potential ratio (SPR) and catch curve 
analyses to estimate the impact o f  current fishing pressure on the potential yield and the spawning 
potential o f the Louisiana striped mullet stock. Estimates o f YPR and SPR are based on knowledge 
o f the growth o f  the fish, and on estimates o f the natural mortality rate (M ) and fishing pressure (F) 
on the stock. Catch curve analysis is used to estimate the disappearance rates (Zl) from the fishery. 
The spawning biomass o f females is assumed to be the factor limiting the spawning potential o f the 
stock. Therefore, this analysis uses growth rates for female mullet, and considers the effects o f 
fishing on the female portion o f the stock. The results o f  this type o f  assessm ent provide a 
generalized approach for estimating the impact o f fishing on the spawning potential and the potential 
yield o f  the fish stock. As with any assessment, the results are subject to the limitation o f  the data 
from which they are derived. The present analysis should be used only as guidance until more 
comprehensive analyses, using additional data collected consistently over an extended time span, 
can be conducted.

The definition o f the unit stock must be considered in the development o f  a stock assessment. 
While a  unit stock is often defined as that portion o f the population which is genetically similar, for 
our purpose in this stock assessment, the most applicable definition seems to be one which considers 
the unit stock as that portion o f  the stock which is either dependent on Louisiana waters, or which 
is available to Louisiana fishermen. We recognize that the geographic distribution im plicit in this 
definition o f unit stock is likely to be different from the genetically based definition, given the wide 
geographic distribution and offshore spawning grounds o f the species (Mapes et a l 1997). W e chose 
to use this definition because it provides the best picture o f  the Louisiana fishery, and we do not have 
information with which to quantitatively define fishing mortality on a regional basis. Information 
from tagging studies along the west coast o f  Florida (Mahmoudi, 1991) indicate that once recruited 
to an estuary, mullet have a strong tendency to return to that estuary after spawning offshore. If  this 
tendency is also expressed in Louisiana, then fishing mortality rates in one area o f  the state would 
prim arily affect the abundance o f  the adult population in that area, and not in other areas, unless 
fishing mortality rates over the entire spawning pool were high enough to affect recruitment on a 
wide scale.

Estimates o f  fishing mortality are derived with the knowledge that the existing fishery is not 
evenly distributed over the entire state, but concentrated in the Southeastern region, and mainly east 
o f  the Mississippi River (over 80% o f the harvest is typically from that region). The analysis must 
assume that either the distribution o f the fishery does not change, or that all fish in the State are 
equally available to the fishery for predictive yield calculations to be reasonably accurate: Without 
knowledge o f  movement o f adult mullet over the entire year, it is difficult to infer how  much o f the
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population is actually exposed to the fishery. Only that portion exposed to the fishery is described 
here.

For purposes o f  this assessment, we did not consider the effects o f  recreational harvest on 
the stock. The best information available at this time indicates that recreational harvest is relatively 
light, typically less than 200,000 pounds o f  fish per year (National Marine Fisheries Service, Marine 
Recreational Fishing Statistics Survey, 1981-1995). Based on the sparse length frequency 
distribution o f surveyed fish, m ost o f  the recreational harvest is at a size prior to entry into the 
commercial fishery. The available data suggest that inclusion o f recreational harvest data would not 
have any appreciable effect on the analyses we used (Table 5.1).

This assessment uses a fishing year beginning in February o f  one year and running through 
January o f the following year for analysis o f  fishery-dependent information. Thus, the 1996 fishing 
year, as defined for this report, consists o f  February 1996 through January 1997. This is to 
accommodate the existing season for commercial harvest, which runs from the 3rd M onday in 
O ctober until the 3rd M onday o f the following January. Harvest values are presented for each 
calendar year rather than fishing year for consistency with other reports.

5.1 Growth and Fecundity

Thom pson ( et al. 1991) described growth o f  striped mullet from Louisiana waters. They 
found significant differences in growth rates between sexes o f  mullet, and in growth rates from 
different parts o f the state. For this assessment, a  von Bertalanffy growth equation was developed 
from  aged samples o f  female striped m ullet from East o f  the M ississippi River provided by 
Thompson (pers. comm.). Growth rates from this area were used since this area o f the state provides 
the majority o f  the harvest. We reanalyzed these data, combining them w ith juveniles assigned to 
age 0 by length frequency analysis from LDW F fishery-independent seine samples (Burden et al. 
1997, figure 2.1). These data were used to estimate a three-parameter von Bertalanffy growth 
equation:

Lt= L„* ( l-e (‘k(t"^)

where Lt is the length at age (t) in years, L„ is the maximum length, k is a param eter describing the 
rate o f  growth, and to is the intercept o f  the function on the time axis. The function was estimated 
using nonlinear approximation procedure (SAS, 1987). The parameters derived from this method 
were: L„=453.9, k=0.332, to=-0.05. These parameters were used in some methods o f  estimating 
natural mortality.
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Samples were assigned ages through use o f an age-length key developed from otolith aging 
o f  fish by Thompson (unpublished data) and LDW F’s ongoing aging study. Only data from female 
mullet was included (males, immature fish, and fish where sex was not recorded were all deleted). 
Data from purse seine samples from Mississippi waters, and from mullet in the Sabine (LA) Refuge 
impoundment were deleted from the LSU dataset, as the length/age relationships for these fish are 
expected to differ from the fish harvested in the ongoing Louisiana fishery. Fishery-independent 
collections were deleted from the LDW F dataset for the same reason. Seventeen hundred ninety- 
eight aged female fish were used in the development o f  the age-length key (Table 5.2).

Fecundity is estimated from the length/fecundity relationship o f  Thom pson et a l  (1991)
where:

F ecu n d ity ^  .6x10"3(FL)3,18

M ullet Stock Assessment
January 16, 1998

5.2 Natural Mortality

There was no change in the techniques used or the input parameters for estimation o f natural 
mortality for striped mullet since the development o f the last report (1997). The various estimates 
and the citation describing the methodology used to derive that estimate are listed below.

Citation Input parameters Natural M ortality estimate

Pauly (1980) k =0.332 
Lw =453.9
x water temperature (eC)=22.7

Mschooiingfish (est.*0.8)=0.56 
MciUpeids (est.*0,6)=0.42

Hoenig (1983) A g e ^ r l O M=0.42

Alagaraja (1984) 99% o f  fish die by Age 10 
99.9 % o f fish die by Age 10

M l% =0.46
M 0.1%=0.69

Beverton and Holt 
(1959)

1.5 to 2.5 von Bertalanffy growth 
parameter (k), k=0.332

M O .50-0 .83

Two estimates o f  natural mortality (M) are available for striped mullet in the existing 
literature. Pauly (1980) cites Ih-Hsiu (1970) as reporting an M of 0.31 for male striped mullet from 
Taiwan. Mahmoudi (1991) estimated M as 0.30 using tagging data from southwest Florida.

Some investigators (Restrepo et a l  1991, Helser et a l  1992) have attempted to use a  range 
o f  estimates o f M and incorporate variation within this range as a variable in their analyses o f  other 
fish species. However, the selection o f the range to be used, and the distribution o f  M estimates
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within that range remains arbitrary. We have chosen, rather, to select several point estimates o f  M, 
and to present the results o f changes in the estimate. W e have presented estimates based on M 
values o f  0.3, 0.4, 0.5, and 0.6. This provides a feeling for the differences resulting from various 
estimates o f  M, without implying any additional precision.

In this report, an M o f  0.3 is the m ost conservative estimate o f  natural mortality. This 
estim ate may be low, based on the lack o f  mullet older than 10 years in the W estern part o f 
Louisiana, though there was no established mullet fishery in that area when the samples were taken. 
Using a low value o f M  results in higher estimates o f F in the analysis. I f  the actual value is above 
estim ates used here, estimates o f  fishing mortality from catch curve analysis will be lower that 
estimated. Additionally estimates o f spawning potential ratio at any level o f  fishing mortality would 
also be increased, and potential yield will be higher than estimated with that value. A low estimate 
o f  M  would also increase the harvest age structure required to maximize yield, which could influence 
proposed size or gear regulations.

M ullet Stock Assessment
January 16,1998

5.3 Disappearance Rates and Fishing Mortality

It must be recognized that any estimate o f  disappearance (Z1) from the fishery includes both 
the total mortality while the fish is exposed to the fishery, and the availability o f the fish to the gear. 
A vailability as used here includes both changes in distribution or behavior o f  the fish that might 
change effectiveness o f  the fishery (e.g. migration, food preference, etc.), and size or other selectivity 
o f  the gear or fishery. The predominant gear in the Louisiana m ullet fishery at the present time is 
a 31/2 -4 inch stretch gill net, though some larger mesh sizes are occasionally used (see M apes et al, 
1997). Gill nets are size selective for m ullet, therefore estimates o f disappearance likely reflect 
fishing mortality confounded by some degree o f  gear selectivity. For the present analysis, no 
estimation o f  gear selectivity or availability to capture was available for fish past full recruitment. 
Selectivity o f  younger fish is estimated from the method presented in Sparre and Venem a (1992), 
using a linearized catch curve to determine the selectivity o f fish not fully recruited to the fishery. 
The ratio o f  the observed catches to the expected catches at each age is the relative probability o f 
capture or selectivity o f the fishery. Selectivities for ages up to full age-at-recruitment were used 
to describe the relative fishing mortality to that point; for ages at or above full recruitment, 
selectivity's are assumed to be 1, or 100% selected.

Length frequency data from the mullet fishery, derived from Trip Intercept Program (TIP) 
sampling (LDWF unpubl. data), are available for the fishing years 1994-1996. These samples were 
aged, using an age-length key (Table 5.2). The resulting age frequency distribution is presented for 
each o f  those years in Figure 5.2. The age frequency for fishing year 1996 (February 1996 through 
January 1997, 1,340 female fish measured), was used to estimate relative selectivity and 
disappearance rate from the fishery (Figure 5.3).
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The relative selectivities for each age are as follows:

Ages
0

Relative selectivity
0.0

2
3
4
5 and over

0.000125
0.010208
0.124476
0.478039
1.0

Estimates o f Z’ were derived by regression o f the descending arm  o f the catch curve (ages 
5-8, Fig. 3). The resulting estimate o f Z' was approximately 1.287 on an annual basis.

These estimates o f Z ' and relative selectivity could be confounded by variable sizes o f 
cohorts within the fishery. Variation in cohort size could skew the estimate o f  Z' in either a positive 
or negative direction, depending on the distribution o f  the various cohorts within the fishery. Greater 
recruitment in the older year classes would provide a lower estimate o f Zl, while if  in younger ages, 
would provide an overestimate o f  the true value o f Z. This uncertainty can only be addressed by use 
o f  several years o f information on the fishery, and using estimates o f  Z  based on specific cohorts 
rather than using annual estimates, that run across several cohorts.

Based on the estimated Z' values (Z'=1.287), i f  Z' is com posed only o f  F and M  (no 
availability component), and the estimate o f 0.3 used for M, the estimate o f  fishing m ortality (F) is 
approximately 0.987. I f  the lowest estimate for M (M=0.3) is used, the resulting value o f  F is 
maximized. For each incremental increase in the value o f M, the value o f F is decreased the same 
amount. Therefore, i f  we use F=0.987, fishing mortality rates are maximized. This estimate o f  F 
minimizes the potential for underestimation o f  F, minimizes the potential benefits from increased 
fishing pressure, and maximizes the estimated impact o f existing fishing pressure on the stock.

5.4 Yield per Recruit

Yield per recruit (YPR) analysis provides basic information about the dynamics o f  a fish 
stock by estimating the impact o f  mortality rates on yield and spawning potential o f the stock. The 
results can be examined as to the sensitivity o f natural and fishing mortality rates on yield and 
spawning potential. The present yield per recruit (YPR) analysis is based on several assumptions. 
A fish is assumed to consistently recruit to any given fishery at a given age; that is, selectivity by 
age does not change over time. Partial recruitment o f fish is estimated from the relative abundance 
o f age I through age 4 fish in the TIP samples compared to age 5 fish, w hich are fully recruited
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(Figure 5.3). Once the fish are fully recruited to the fishery, fishing pressure is assumed to be at a 
constant rate. The present YPR analysis does not take into account any variation in growth rate or 
other factors which may affect the results. Use o f  YPR analysis requires:

1) information on natural and fishing mortality rates,
2) knowledge o f  the growth param eters o f  the fish.

Methods used for estimation o f  natural mortality (M) and fishing m ortality (F) rates in this 
analysis are presented in Sections 5.2 and 5.3 above. The existing m ullet fishery is mainly a roe 
fishery, targeting female fish (Thompson, 1989). Therefore, we have used the growth param eters 
for female mullet to calculate yield per recruit.

5.5 Conservation Standard

M ullet Stock Assessment
January 16, 1998

Conservation standards are based on one o f a number o f biological measures o f the dynamics 
o f  fish stocks, that are intended to protect the viability o f  that stock for future generations. These 
standards have historically been based on different measures o f the dynam ics o f  fish stocks, 
depending on the data available, the needs o f  fishery and o f  the resource. Conservation standards 
should be separated into two types: a conservation threshold which is entirely biologically based, 
and a conservation target which considers biological measures m odified by relevant social, 
econom ic, and ecological factors.

Conservation "thresholds" are intended to provide a  biological baseline for harvest o f  a fish 
stock based on stock recruit relationships, or other biological parameters specific to the stock, if  
possible. This baseline standard, below w hich the stock should not be allowed to go, has been 
described as a  "threshold" by some researchers, and has also been referred to as an "overfishing 
level" (GMFMC 1995). Beyond this "threshold", management "targets" may be set, which provide 
for other management goals in the fishery. Such goals may be in term s o f  yield in weight, yield in 
numbers o f fish, catch rate per effort, harvest rate per effort, employment, profit, or some other goal. 
These targets must be set at a fishing rate below the "threshold" in order to ensure that.the biological 
integrity o f  the stock is not unduly compromised by fishing.

Recently , use o f  a stock measure, spawning stock biomass per recruit (SSBR) or spawning 
potential ratio (SPR) has become widely used. This measure compares the estimated female 
spaw ning biomass o f  the stock that survive fishing with the estimated biom ass o f the stock under 
unfished conditions. The analysis does not take into account any density-dependent relationships 
due to the changes in the size o f the fished stock. Using the Spawning Potential Ratio (SPR) concept 
as developed by Gabriel et al. (1984) and refined by Goodyear (1991), a "threshold" value can be 
defined that provides a  minim um  spawning stock biomass (or egg production) per recruit, below
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w hich existing data cannot evaluate impacts to future recruitment, and below which the fishery 
should not be allowed to operate.

Ideally, "threshold" levels should be evaluated from information on the stock in question. 
However, the information base necessary to adequately describe this level is often not available. In 
such cases, it has been recommended by Goodyear (1989) that a spawning stock biomass per recruit 
(SSBR) or SPR o f  20% be used as a "threshold" in absence o f  sufficient evidence to provide a 
standard specific to the stock in question. This standard is also based on work on N orth Atlantic 
groundfisheries (Gabriel et al. 1984, Gabriel, 1985). A SSBR o f  35% has been recommended for 
Spanish mackerel, and 20% for king mackerel (GMFMC 1990, 1995). A SSBR o f 8-13% has been 
demonstrated to be sufficient for G ulf menhaden (Vaughan 1987). In prior analyses o f the Louisiana 
spotted seatrout fisheries (LDWF 1991), we recommended an SPR o f 15% after analysis o f  several 
years o f available data. M ace and Sissenwine (1993) examined 90 stocks o f  27 species, and 
recom mended that 30% SPR be maintained when there is no other basis for estimating the 
replacement level. That level is sufficient for 80% o f the stocks considered by those authors. They 
also noted that 30% may be overly conservative for an "average" stock. The average replacement 
% SPR for the stocks they considered was 18.7% while the m ost resilient quarter o f  the stocks 
considered required a maximum FREP o f 8.6% SPR. Three-quarters o f the stocks required a 
maximum FREP o f 27.1% SPR. In the prior assessment o f striped mullet (Shepard et al., 1992), a 
SPR o f 20% was recommended as the conservation standard for the Louisiana fishery. This standard 
was considered, rather than 30% SPR, due to several factors: the fishery is mainly prosecuted on 
the stocks o f  mullet east o f the Mississippi River, and the estimate o f  SPR is based on only the fished 
stocks. The relatively unfished stocks to  the west o f the M ississippi River are only minimally 
considered in the assessment, with the result that the SPR ratios are underestimated.

Sufficient information is not available to directly estimate a conservation threshold for striped 
mullet in Louisiana. However, the conservation target o f 30% SPR established by Act 1316 o f the 
1995 Regular Session o f the Louisiana Legislature for black drum sheepshead, southern flounder and 
striped mullet appear to be adequate to maintain the striped mullet stock and prevent recruitment 
overfishing.

The use o f any measure o f health o f  a fish stock as a perfect index is arguable. Intuitively 
it seems more logical that growth overfishing would occur at a much lower fishing rate than would 
threaten recruitment. However, Mace and Sissenwine (1993) provide information to suggest that 
some stocks may have reduced levels o f recruitment at levels o f fishing that would not reduce yield 
per recruit. The preferable position for making recommendations on appropriate levels o f  fishing for 
a stock is to base those recommendations on actual measures o f spawning stock and recruitment for 
that species, in the same fishery. This requires a base o f  information on that fishery that requires 
monitoring o f  both the stock and the fishery over a variety o f conditions. W ithout this information, 
inappropriate conservation standards may either underestimate or overestimate the potential o f  the
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fishery. If  the potential is underestimated, the society loses the economic and social benefits o f the 
harvest. I f  the potential is overestimated, the society also loses the benefits o f  a sustainable fishery, 
w hich m ust at least go through some period o f  rebuilding, when effort m ust be reduced from  the 
non-sustainable levels (H ilbom  and Walters, 1993). Some researchers have speculated that 
over-harvest o f  some stocks may lead to  their replacement in the ecosystem by other, often less 
preferred stocks. The frequency o f such an occurrence is unknown, and the cause o f shifts in species 
dominance in an ecosystem may be difficult to ascertain, even after the fact. Such a  shift does seem 
to have occurred over time in the Grand Banks area, where prolonged, intense harvest o f  cod and 
haddock have been implicated in gradual increases in skate and spiny dogfish populations (CUD - 
N EFSC 1993).

5.6 Status of the Stock

The trends in harvest for striped m ullet in the Louisiana fishery have been reviewed by 
Mapes et al. (1997). The harvest increased significantly in the late 1980's and early 1990's, as the 
fishery developed (Figure 5.1). Harvest declined in 1996. Regulations im plem ented in August, 
1995 eliminated the harvest o f  mullet outside o f the period between the third M onday in October 
through the middle o f  the following January. They also outlawed fishing for mullet at night, on 
weekends, in freshwater areas, and using gear other than strike gill nets.

A nnual recruitment o f  mullet has been evaluated from fishery-independent seine and 
experimental gill net samples taken statewide since 1986. Catch/effort information are compiled for 
January through M ay o f each year, and the abundance is measured as ln(catch/effort)+l, for each 
station/month/year. Seine catches o f  fish larger than young-of-the-year are removed from the 
calculation o f abundance indices for that gear. Gill net data from 2", 2.5", and 3" (5.08, 6.35, and 
7.62 cm.) stretch mesh panels are used as these provide information on abundance prior to harvest 
by legal saltwater commercial gears (gill and trammel nets, and saltwater seines) during the time 
period considered. These data are summarized in Figures 5.5 and 5.6. The length frequencies o f  the 
striped mullet captured in the three types o f  gill net sampling gear are pictured in Figure 5.7.

Significant annual variation was found in the seine data (Table 5.3) and the gill net data. 
Seine data indicate relatively strong recruitment indices in 1986,1987,1988 and 1996, and relatively 
weak indices in 1989,1991, and 1995 (Figure 5.5). However, only 1986 and 1996 are significantly 
higher than m ost other years, according to Duncan’s M ultiple Range Test using a General Linear 
M odel procedure (Table 5.4) (SAS, 1987). Gill net samples also indicate variable recruitment, with 
high indices in 1986 for the 1" bar mesh gill net, in 1987 for the 1.5" bar net, and in 1996 for the 1" 
and 1.25" bar samples. There seems to be some correspondence between the indices provided by 
these three different gears, as might be expected due to some overlap in the size frequencies sampled 
by the gears (Figure 5.7). W e examined the data for differences between the m onths making up the 
index (5 m onths) and the geographic zones o f  the state (7 zones). Considering variation due to

8



M ullet Stock Assessment
January 16, 1998

variation between months and geographic zones within the state (Type III Sum o f Squares), the 
YEAR variable remained significant at the p=0.01 level in both the seine (Table 5.3) and gill net 
(Table 5.5) datasets. No temporal trend is evident in either o f  these data sets (Figures 5.5 and 5.6).

We developed a series o f  estimates representing the effect on yield per recruit (YPR) and 
spawning potential ratio (SPR) o f various fishing and natural mortality rates under existing relative 
fishing rates by age (Figure 5.4). Estimates were based on the length/age and length/fecundity 
functions described in Section 5.1 above.

In all o f these analyses, assumptions listed in prior sections o f  this report have a  strong 
influence in the results. I f  M  is actually near or above the upper end o f  the range considered here 
then increases in yield per recruit would be possible, and SPR would be above the minimum 
estim ated values. Estimates o f  potential yield presented here do not account at all for potential 
extension o f  the fishery into areas o f the state that are do not now have a significant fishery. Any 
substantive change in geographic distribution o f  the fishery could substantially change the overall 
harvest levels.

Based on the information provided, our best estimate o f  the current status o f  the stock is 
depicted in Figure 5.4 and Table 5.7, assuming the relative recruitment to the fishery is constant, as 
discussed in Section 5.4, above. On this basis, i f  M=0.3, then F=0.987, and SPR is approximately 
35%. Even with very strong increases in fishing pressure, SPR would not be driven below  20%. 
Fishing mortality is at a level above FMAX, but YPR from the fishery is very near the maximum. If  
M is greater than 0.3, then SPR is above the level estimated for that M, and if  M -0 .4 , the fishery is 
operating between FMAX and F0,, but little additional YPR could be expected from increased fishing 
rates. If  M is actually higher than that level, additional yield could be obtained from the fishery 
through higher fishing rates than present.

Table 5.7 provides a summary o f  some o f the more com mon benchmarks for stock 
assessments, as they apply to Louisiana striped mullet. Data for the M=0.3 to M=0.6 level are 
provided. Some o f  the potential variation inherent in the present analysis is presented Table 5.8, 
w hich attempts to show the results o f possible variation around the disappearance rate estimated 
from the fishery.

Based on this generalized assessment, for all natural mortality rates examined, if  fishing 
mortality rates continue at the 1990-1995 levels, then striped mullet are not being harvested at a rate 
that would drive the stock below the target SPR o f 30% established by the Louisiana Legislature.
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5.7 R esearch  an d  D ata  Needs

As w ith any analysis, the accuracy o f  the assessment is dependent on the accuracy o f  the 
information on which it is based. The present analyses, along with the biological data presented by 
M apes et al. (1997) identify several areas for research to address.

Estim ates o f natural mortality used in the present assessment are derived from general 
literature sources, and show wide variation. This variation reduces the potential o f  the present 
assessm ent to provide a precise prediction o f  the yield potential o f  the stock, and also reduces the 
confidence level o f  the present estimate o f  SPR. A more precise estimate o f  natural mortality, based 
on Louisiana data, would assist in both o f  these problems.

Definition o f sub-populations based on migratory patterns would help define exploitation 
rates within different areas o f the state. This may help managers develop area-specific management 
to optimize yield from a given stock, while protecting the stock from overharvest.

Recruitment mechanisms are poorly defined for the species. M ullet are recorded to  spawn 
beyond the shelf break, in the central G u lf o f  Mexico. No genetically distinct stocks have been 
identified within the Gulf. However, lack o f  genetic distinctness does not necessarily m ean that 
stocks are homogeneously mixed by spawning and recruitment mechanisms, only that populations 
are not so removed from each other that gene structure is identifiably different. Better understanding 
o f  recruitment mechanisms, merged with measurement o f  oceanographic or other driving forces 
could help in understanding the sub-genetic distinctiveness o f mullet populations from different 
regions o f  the state o f  the G ulf o f  Mexico.

Factors that influence the year-class strength o f mullet are essentially unknown. 
Investigation o f  these factors could help better define causes o f inter-annual variation in abundance, 
and perhaps also the underlying stock-recruit relationships in the species.

The relationship between wetlands losses or modifications and the continuation o f  fishery 
production within the state has been discussed by many authors. However, this relationship is likely 
to be different for any o f  a suite o f  different species. Understanding o f  this relationship for mullet 
should be an ongoing priority.

In the presence o f  changing regulations, fishery-dependent inform ation is not a  reliable 
source o f the data necessary to assess the status o f a fish stock. However, such data is necessary to 
measure the effects o f fishing on that stock. Consistent fishery-dependent and fishery- independent 
data sources, in a  comprehensive monitoring plan, are essential to understanding the status o f  fishery 
stocks, and to identifying causes o f changes in stock abundance. Present programs should be
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assessed for adequacy with respect to their ability to evaluate stock status, and modified or enhanced 
to optimize their capabilities.
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T ab le  5.1. Annual commercial and recreational harvest o f  mullet from Louisiana waters, 
expressed in pounds. Commercial harvest values from dealer landings reports, 
recreational harvest from NMFS M RFSS estimates o f fish landed plus those discarded 
dead.

Commercial Recreational Total Harvest
Year Harvest (lbs.). Harvest (lbs.) (lbs.) %Commercial

81 3 ,051 ,461 564 3 ,0 5 2 ,0 2 5 99 .98%
82 1,533 ,452 16,546 1 ,5 4 9 ,9 9 8 98 .93%
83 1 ,886 ,654 0 1 ,8 8 6 ,6 5 4 100.00%
84 3 ,1 5 7 ,2 1 5 2 ,793 3 ,1 6 0 ,0 0 8 99 .91%
85 579 ,2 9 7 7 ,505 5 8 6 ,8 0 2 98 .72%
86 2 ,2 7 7 ,7 1 3 52,921 2 ,3 3 0 ,6 3 4 97 .73%
87 1 ,439 ,425 0 1 ,4 3 9 ,4 2 5 100 .00%
88 2 ,3 6 7 ,1 0 6 105,878 2 ,4 7 2 ,9 8 4 95 .72%
89 2 ,4 1 3 ,7 6 8 75 ,287 2 ,4 8 9 ,0 5 5 96 .98%
90 2 ,6 4 5 ,9 2 7 296 ,1 1 3 2 ,9 4 2 ,0 4 0 89 .94%
91 3 ,5 6 3 ,1 3 7 26 ,303 3 ,5 8 9 ,4 4 0 99 .27%
92 6 ,2 1 4 ,5 3 2 121,274 6 ,3 3 5 ,8 0 6 98 .0 9 %
93 1 1 ,026 ,497 185,015 1 1 ,2 1 1 ,5 1 2 98 .35%
94 12,560,261 97,511 1 2 ,6 5 7 ,7 7 2 99 .2 3 %
95 1 4 ,545 ,610 89,551 14,635 ,161 99 .39%
96 8,658 ,881 217 ,8 0 7 8 ,8 7 6 ,6 8 8 97 .5 5 %
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T ab le  5.2 - Age-at-length distribution o f  female striped mullet used in age-length key
development. LSU and LDW F data combined. Origin o f  the data used in development 
o f  this key is described in the text.

Length
(inches)

AGE Total
Number

1 2 3 4 5 6 7 8 9

8 1 1 2
9 3 3

10 10 6 1 17
11 28 41 29 5 103
12 25 108 78 18 7 236
13 2 28 110 96 61 14 2 1 314
14 1 21 51 74 85 16 6 2 256
15 3 21 68 85 47 20 6 3 253

16 24 77 99 44 9 3 1 257

17 16 58 65 45 9 3 2 1 199
18 4 15 36 21 4 2 82

19 1 7 21 15 3 2 49
20 5 6 9 3 23
21 2 1 3
22 1 1

Total 8 181 541 589 349 92 28 9 1 1798
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T ab le  5.3. Analysis o f variance o f striped mullet catch per effort indices from  LDWF seine
samples. Indices are calculated for all samples taken between January through May,
using the natural log o f (catch/effort +1) for each station/year/month cell.

SEA=Jan-May

General Linear Models Procedure 
Class Level Information

Class Levels Values

YEAR 12 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
MONTH 5 12 3 4 5
AREA 7 12 3 4 5 6 7

Number of observations in by group = 2368

Dependent Variable: LOGC_E

Source DF Sum of Squares Mean Square F Value Pr > F

Model 21 513.24137971 24.44006570 23.52 0.0001
Error 2346 2437.52202018 1.03901194
Corrected Total 2367 2950.76339989

R-Square C.V. Root MSE LOGC E Mean
0.173935 191.4482 1.01931935 0.53242555

Source DF Type I SS Mean Square F Value Pr > F

YEAR 11 67.19113183 6.10828471 5.88 0.0001
MONTH 4 15.96080480 3.99020120 3.84 0.0041
AREA 6 430.08944307 71.68157385 68.99 0.0001

Source DF Type III SS Mean Square F Value Pr > F

YEAR 11 66.97773457 6.08888496 5.86 0.0001
MONTH 4 15.56101193 3.89025298 3.74 0.0048
AREA 6 430.08944307 71.68157385 66.99 0.0001
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T ab le  5.4. D uncan’s Multiple Range Test and least square means o f striped m ullet catch per
effort indices from LDW F seine samples. Indices are calculated for all samples taken
between January through May, using the natural log o f  (catch/effort +1) for each
station/year/month cell.

.......  SEA=Jan-May .......

General Linear Models Procedure

Duncan's Multiple Range Test for variable: LOGC_E

NOTE: This test controls the type I comparisonwise error rate, not the 
experimentwise error rate

Alpha= 0.05 df= 2346 MSE= 1.039012 
WARNING: Cell sizes are not equal.

Harmonic Mean of cell sizes* 196.7556

Number of Means 2 3 4 5 6 7 8 9 10 11 12
Critical Range .2015 .2122 .2193 .2246 .2287 .2321 .2350 .2374 .2395 .2413 .2430

Means with the same letter are not significantly different.

Duncan Grouping Mean N YEAR

A 0.8075 212 1997
A 0.7924 184 1986
A 0.7876 213 1996
B 0.5764 182 1988

C B 0.5109 186 1987
C B 0.4892 201 1994
C B 0.4795 188 1993
C B 0.4561 201 1990
C B 0.4077 204 1992
C B 0.4036 188 1989
C B 0.3477 207 1995
C 0.3216 202 1991

General Linear Models Procedure
Least Squares Means

YEAR LOGC E Std Err Pr > |T|
LSMEAN LSMEAN H0:LSMEAN=0

1986 0.75814640 0.07553830 0.0001
1987 0.48879625 0.07493661 0.0001
1988 0.55591898 0.07574777 0.0001
1989 0.39681880 0.07444146 0.0001
1990 0.46072849 0.07193287 0.0001
1991 0.30035721 0.07185139 0.0001
1992 0.40952906 0.07140606 0.0001
1993 0.45641813 0.07458729 0.0001
1994 0.48134004 0.07195187 0.0001
1995 0.34179314 0.07092782 0.0001
1996 0.79042824 0.06986512 0.0001
1997 0.80539967 0.07005115 0.0001
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...............  SEA=Jan-May BIOLOGICAL GEAR=150l 1 in.-bar mono gill ................

General Linear Models Procedure 
Class Level Information

T ab le  5.5. Analysis o f variance o f striped mullet catch per effort indices from LDW F gill net
samples. Indices are calculated for all samples taken between January through May,
using the natural log o f (catch/effort +1) for each station/gear/year/month cell.

Class Levels Values

YEAR 12 1986 1987 1988 1969 1990 1991 1992 1993 1994 1995 1996 1997
MONTH 5 1 2 3 4 5
AREA 7 1 2 3 4 5 6 7

Number of observations in by group = 2706 

Dependent Variable: L0GC_E

Source DF Sian of Squares Mean Square F Value Pr > F

Model 21 60.50863572 2.88136361 7.18 0.0001
Error 2684 1077.09262161 0.40130127
Corrected Total 2705 1137.60125732

R-Square C.V. Root MSE LOGC E Mean
0.053190 198.7910 0.63348344 0.31866810

Source DF Type I SS Mean Square F Value Pr > F

YEAR 11 25.08264606 2.28024055 5.68 0.0001
MONTH 4 0.51207620 0.12801905 0.32 0.8654
AREA 6 34.91391346 5.81898558 14.50 0.0001

Source DF Type III SS Mean Square F Value Pr > F

YEAR 11 25.31087460 2.30098860 5.73 0.0001
MONTH 4 0.49899214 0.12474803 0.31 0.8709
AREA 6 34.91391346 5.81898558 14.50 0.0001
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..............SEA=Jan-May BIOLOGICAL GEAR=150' 1.25 in. bar mono gill ......-.........

General Linear Models Procedure 
Class Level Information

T ab le  5.5 (contd.). Analysis o f variance o f  striped mullet catch per effort indices from LDW F
gill net samples. Indices are calculated for all samples taken betw een January through
May, using the natural log o f  (catch/effort +1) for each station/gear/year/month cell.

Class Levels Values

YEAR 10 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
MONTH 5 1 2 3 4 5
AREA 7 1 2 3 4 5 6 7

Number of observations in by group = 2220

Dependent Variable: LOGC_E

Source OF Sum of Squares Mean Square F Value Pr > F

Model 19 30.63478226 1.61235696 4.17 0.0001
Error 2200 851.61202847 0.38709638
Corrected Total 2219 882.24681073

R-•Square C.V. Root MSE LOGC E Mean
0,.034724 200.7248 0.62217070 - 0.30996206

Source OF Type I SS Mean Square F Value Pr > F

YEAR 9 11.40966293 1.26774033 3.27 0.0006
MONTH 4 5.21663178 1.30415795 3.37 0.0093
AREA 6 14.00848754 2.33474792 6.03 0.0001

Source DF Type III SS Mean Square F Value Pr > F

YEAR 9 10.93200123 1.21466680 3.14 0.0009
MONTH 4 5.67308959 1.41827240 3.66 0.0056
AREA 6 14.00848754 2.33474792 6.03 0.0001
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..............  SEA=Jan-May BIOLOGICAL GEAR=150' 1.5 in. bar mono gill ...............

General Linear Models Procedure 
Class Level Information

T ab le  5.5 (contd.). Analysis o f  variance o f striped mullet catch per effort indices from LDWF
gill net samples. Indices are calculated for all samples taken between January through
May, using the natural log o f (catch/effort +1) for each station/gear/year/month cell.

Class Levels Values

YEAR 12 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
MONTH 5 1 2 3 4 5
AREA 7 1 2 3 4 5 6 7

Number of observations in by group = 2699

Dependent Variable: LOGC_E

Source DF Sum of Squares Mean Square F Value Pr > F

Model 21 61.19447511 2.91402262 13.47 0.0001
Error 2677 578.92675216 0.21625953
Corrected Total 2698 640.12122727

R•Square C.V. Root MSE LOGC E Mean
0.095598 229.5525 0.46503712 0.20258419

Source DF Type I SS Mean Square F Value Pr > F

YEAR 11 4.80378311 0.43670756 2.02 0.0232
MONTH 4 12.37490401 3.09372600 14.31 0.0001
AREA 6 44.01578799 7.33596467 33.92 0.0001

Source DF Type HI SS Mean Square F Value Pr > F

YEAR 11 5.16933618 0.46993965 2.17 0.0134
MONTH 4 12.94031486 3.23507871 14.96 0.0001
AREA 6 44.01578799 7.33596467 33.92 0.0001
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...............  SEA=Jan-May BIOLOGICAL GEAR=150' 1 in. bar mono gill ................

General Linear Models Procedure

T ab le  5.6. D uncan’s Multiple Range Test and least square means o f striped m ullet catch per
effort indices from LDW F gill net samples. Indices are calculated for all samples taken
between January through May, using the natural log o f (catch/effort +1) for each
station/year/month cell.

Duncan's Multiple Range Test for variable: LOGC_E

NOTE: This test controls the type I comparisonwise error rate, not the 
experimentwise error rate

Alpha= 0.05 df= 2684 MSE= 0.401301 
WARNING: Cell sizes are not equal.
Harmonic Mean of cell sizes= 225.122

Number of Means 2 3 4 5 6 7 8 9 10 11 12
Critical Range .1171 .1233 .1274 .1305 .1329 .1349 .1365 .1379 .1391 .1402 .1412

Means with the same letter are not significantly different.

Duncan Grouping Mean N YEAR

A 0.57684 245 1986
B 0.38356 235 1987
B 0.38137 229 1995

C B 0.33419 217 1996
C B 0.30662 217 1993
C B 0.29002 224 1992
C B 0.28348 234 1994
C B 0.28321 221 1988
C B 0.26916 209 1991
C 0.23904 228 1990
C 0.22665 220 1997
C 0.22007 227 1989

General Linear Models Procedure
Least Squares Means

YEAR LOGC E Std Err Pr > |T|
LSMEAN LSMEAN HO:LSMEAN=0

1986 0.57346774 0.04056100 0.0001
1987 0.38221672 0.04146323 0.0001
1988 0.27527226 0.04264731 0.0001
1989 0.21620180 0.04207207 0.0001
1990 0.23710848 0.04196315 0.0001
1991 0.25921694 0.04385341 0.0001
1992 0.28204956 0.04234660 0.0001
1993 0.28527916 0.04308342 0.0001

. 1994 0.27053629 0.04145228 0.0001
1995 0.36751950 ' 0.04191071 0.0001
1996 0.31915019 0.04308982 0.0001
1997 0.22256933 0.04272967 0.0001
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T ab le  5.6 (contd.). Duncan’s M ultiple Range Test and least square means o f  striped m ullet catch
per effort indices from LDWF gill net samples. Indices are calculated for all samples
taken between January through May, using the natural log o f  (catch/effort +1) for each
station/year/month cell.

SEA=Jan-May BIOLOGICAL GEAR=150' 1.25 in. bar mono gill

General Linear Models Procedure 

Duncan's Multiple Range Test for variable: L0GC_E

NOTE: This test controls the type I comparisonwise error rate, not the 
experimentwise error rate

Alpha= 0.05 df= 2200 MSE= 0.387096 
WARNING: Cell sizes are not equal.

Harmonic Mean of cell sizes= 221.7602

Number of Means 2 3 4 5 6 7 8 9
Critical Range .1159 .1220 .1261 .1291 .1315 .1335 .1351 .1365

Means with the same letter are not significantly different

Duncan Grouping Mean N YEAR

A 0.46551 217 1996
8 A 0.38751 215 1988
B 0.33476 227 1989
B 0.33041 217 1993
B C 0.30206 228 1990
B C 0.29467 224 1992
B C 0.28420 229 1995
B C 0.26426 234 1994
B C 0.25279 209 1991

C 0.18851 220 1997

General Linear Models Procedure
Least Squares Means

YEAR LOGC E Std Err Pr > |T|
LSMEAN LSMEAN H0:LSMEAN=0

1988 0.39137921 0.04250806 0.0001
1989 0.33763553 0.04132656 0.0001
1990 0.30363065 0.04121578 0.0001
1991 0.25075166 0.04307747 0.0001
1992 0.29622144 0.04159434 0.0001
1993 0.32438221 0.04232981 0.0001
1994 0.26514966 0.04071978 0.0001
1995 0.28195582 0.04117164 0.0001
1996 0.46016438 0.04234000 0.0001
1997 0.19361423 0.04197113 0.0001
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............... SEA=Jan-May BIOLOGICAL GEAR=150'.1.5 in. bar mono gill ...............

General Linear Models Procedure

T ab le  5.6 (contd.). D uncan's Multiple Range Test and least square means o f  striped m ullet catch
per effort indices from LDW F gill net samples. Indices are calculated for all samples
taken between January through May, using the natural log o f (catch/effort +1) for each
station/year/month cell.

Duncan's Multiple Range Test for variable: LOGC_E

NOTE: This test controls the type I comparisonwise error rate, not the 
experimentwise error rate

Alpha= 0.05 df= 2677 MSE= 0.21626 
WARNING: Cell sizes are not equal.

Harmonic Mean of cell sizes= 224.5872

Number of Means 2 3 4 5 6 7 8 9 10 11 12
Critical Range .0861 .0906 .0937 .0959 .0977 .0991 .1003 .1014 .1023 .1030 .1038

Means with the same letter are not significantly different.

Duncan Grouping Mean N YEAR

A 0.28273 235 1987
B A 0.25635 217 1996
B A C 0.23774 234 1994
B D A C 0.21611 220 1988
B D A C 0.21313 209 1991
B D A C 0.20883 240 1986
B D A C 0.19951 216 1993
B D A C 0.18868 228 1990
B D A C 0.18649 227 1989
B D C 0.15842 220 1997

D C 0.14597 229 1995
D 0.13455 224 1992

General Linear Models Procedure 
Least Squares Means

YEAR LOGC E Std Err Pr > |T|
LSMEAN LSMEAN H0:LSMEAN=0

1986 0.21847107 0.03009804 0.0001
1987 0.30182155 0.03043811 0.0001
1988 0.21915429 0.03137823 0.0001
1989 0.19400535 0.03088495 0.0001
1990 0.19377427 0.03080498 0.0001
1991 0.21371788 0.03219258 0.0001
1992 0.14400500 0.03108649 0.0001
1993 0.20501996 0.03170082 0.0001
1994 0.24963257 0.03043001 0.0001
1995 0.15299771 0.03076650 0.0001
1996 0.26092561 0.03163209 0.0001
1997 0.16816247 0.03136771 0.0001
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T able 5.7. Estimation o f  fishing mortality rates, yield per recruit, spawning stock biom ass per 
recruit (in terms o f  egg production), percent spawning potential ratio, and the yield per 
recruit compared to the maximum possible, given the natural m ortality rates listed. Rates 
are based on the effects o f  regulations prior to 1995 and Act 1316.

M=0.3
F - Ratio YPR SSB/R %SPR %YPR

F-max = 0.6630 84.8575 469,705 41.49% 100.00%
F0.1 = 0.3251 77.6913 633,219 55.93% 91.55% Benchmarks

SPR20% = 3.9210 65.9376 226,433 20.00% 77.70%
SPR30% = 1.4241 79.2468 339,650 30.00% 93.39%

* Regulations = 0.9865 83.0856 395,918 34.97% 97.91% Estimate
M=0.4

F - Ratio YPR SSB/R %SPR %YPR
F-max = 0.9803 48.7865 266,779 44.24% 100.00%

F0.1 = 0.4133 43.8766 360,006 59.70% 89.94% Benchmarks
SPR20% = 8.8307 38.0914 120,602 20.00% 78.08%
SPR30% = 2.9379 44.8359 180,903 30.00% 91.90%

* Regulations = 0.8865 48.7300 276,505 45.85% 99.88% Estimate

M=0.5
F - Ratio YPR SSB/R %SPR %YPR

F-max = 1.5932 29.5272 156,983 45.66% 99.06%
F0.1 = 0.5193 25.9170 218,460 63.55% 86.95% Benchmarks

SPR20% = 18.0820 22.8738 68,757 20.00% 76.74%
SPR30% = 5.9031 27.3408 103,136 30.00% 91.72%

* Regulations = 0.7865 28.2428 194,134 56.47% 94.75% Estimate

M=0.6
F - Ratio YPR SSB/R %SPR %YPR

F-max = 3.0129 18.7872 92,964 44.88% 99.62%
F0.1 = 0.6467 15.8606 138,989 67.11% 84.10% Benchmarks

SPR20% = 33.8237 14.1976 41,424 20.00% 75.28%
SPR30% = 11.0303 17.6154 62,137 30.00% 93.41%

* Regulations = 0.6865 16.1202 137,052 66.17% 85.48% Estimate
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Table 5.8. Possible variation around estimates o f fishing mortality rates, yield per recruit, 
spawning stock biomass per recruit (in terms o f egg production), percent spawning 
potential ratio, and the yield per recruit, based on the standard error o f  the catch curve 
regression.

M=0.3
F - Ratio YPR SSB/R %SPR %YPR

ESTIMATE 0.9865 83.0856 395,918 34.97% 97.91%
EST + 2 S.E. 1.0593 82.4619 384,168 33.93% 97.18%
EST - 2 S.E. 0.9137 83.6696 409,053 36.13% 98.60%

M=0.4
F - Ratio YPR SSB/R %SPR %YPR

ESTIMATE 0.8865 48.7300 276,505 45.85% 99.88%
EST + 2 S.E. 0.9593 48.7840 268,847 44.58% 99.99%
EST - 2 S.E. 0.8137 48.5873 285,058 47.27% 99.59%

M=0.5
F - Ratio YPR SSB/R %SPR %YPR

ESTIMATE 0.7865 28.2428 194,134 56.47% 94.75%
EST+ 2 S.E. 0.8593 28.5745 189,140 55.02% 95.86%
EST - 2 S.E. 0.7137 27.8129 199,706 58.09% 93.31%

M=0.6
F - Ratio YPR SSB/R %SPR %YPR

ESTIMATE 0.6865 16.1202 137,052 66.17% 85.48%
EST + 2 S.E. 0.7593 16.5277 133,793 64.60% 87.64%
EST - 2 S.E. 0.6137 15.6231 140,684 67.92% 82.84%

26



M ullet Stock Assessment
January 16, 1998

COMMERCIAL HARVEST OF MULLET I

50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 
51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95

YEAR

F igu re  5.1. Historic commercial landings o f striped mullet from  Louisiana waters by 
calendar year. Source: NMFS commercial landings database.

Age Frequency of Female Mullet in TIP Samples (1994-1996) 
Aged from Fishery-Dependent Age-Length Samples

1 2 3 4 5 6 7 8 9
Age

.* 1994 #  1995 _  1996 I

F igu re  5.2. Age frequency o f mullet from Trip Intercept Program samples in fishing years 
1994-1996, aged from age-length key.
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Disappearance Rates for Mullet • 1996 
regression based on ages 5-8

1 2 3 4 6 6 7 8 9
Age

.e- Observed _  Predicted |

u re  5.3. Natural log o f the 1996 age frequency o f striped m ullet harvest, w ith the fitted 
disappearance rate.

% YPR and %S PR at Var ious  Values of M
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F igu re  5.4 Percent annual yield per recruit and spawning potential ratio for striped m ullet in 
Louisiana, at various levels o f natural mortality. The value o f  M=0.3 is the basis 
o f our estimate o f  the condition o f the stock.
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Age O St r lo e d  M t» 11 e t in LDWF S»*ne Son-xples 
S EA =  J o n — f.loy

0.2  -

9 8 8 l 9 9  19 8 7

0 9 0 E C 9 7

F igu re  5.5. Natural log o f catch/effort o f young-of-the-year striped mullet in statewide 
fishery-independent bag seine sample, LDW F M onitoring Survey, January 
through April o f  each year. Error bars are +/- one standard error o f the mean.

S t r i p e d  M u l l e t  In  L D W F  GUI N e t  S a m p l e s  
S E A  =  J a n  — M a y

0.8  •

0 . 2  •

1687

B I O L O G I C A L  G E A R  1 i n  b a r  gi l l  — —  I ,C< i n  b a r  gi l l  —  —  1 . 2 5  i n  b a r  gi l l

0 9 D E C 9 7

F igure  5.6. Natural log o f catch/effort o f striped mullet in statewide fishery-independent gill 
net samples, LDW F M onitoring Survey, January through May o f each year. Gill 
net gears are described by the bar mesh size. Error bars are +/- one standard error 
o f  the mean.
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S T R I P E D  M U L L E T  C O L L E C T E D  IN 
I S O '  1 I N .  B A R  M O N O  G I L L  

N =  7 9 4 4
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F ig u re  5.7. Length distribution o f  striped mullet in 1", 1.25" and 1.5" bar gill net samples, 
LDW F fishery-independent sampling program.
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BLACK DRUM
5.0 STOCK ASSESSMENT

1
February 3, 1998

This assessment uses yield-per-recruit (YPR) and Spawning Potential Ratio (SPR) to  estimate 
the impact o f fishing pressure on potential yield and the spawning potential o f the black drum stock 
in Louisiana waters. Estimates derived from YPR and SPR are based on information regarding the 
growth rate and spawning potential o f the fish, and on estimates o f the natural mortality rate (M) and 
fishing mortality rate (F) on the stock. The results from this assessment provide a generalized 
approach towards estimating the impact o f  fishing on the spawning potential and potential yield o f  
the fish stock. The spawning biomass o f  females is assumed to be the factor limiting the spawning 
potential o f  the stock; therefore, where possible, only data on female black drum are used. Yield- 
per-recruit and SPR analysis, as with many other generalized assessments, should be used only as a 
guide until a more comprehensive assessment can be conducted.

In developing a stock assessment, the unit stock must be defined. While a unit stock is often 
represented by that portion o f  the population which is genetically similar, for our purpose, the most 
applicable definition seems to be one which considers the unit stock as that portion o f the population 
which is either dependent on Louisiana waters, o r which is available to  Louisiana fishermen.

5.1 Growth

Luquet (1996) presents several growth equations for black drum. The one chosen for this 
assessment was developed by Geaghan and Garson (unpublished), and is a sloped asymptote model 
fitted to  a von Bertalanffy growth equation. The data used by Geaghan and Garson (unpublished) 
was from Beckman et al. (1988) who used otolith sections in aging fish caught in Louisiana waters. 
The sloped asymptote model proved to  fit the data better than did other equations. The equation is 
as follows: ^

L, = (6 1 0  + 9.959 * t ) * ( 1 -e -O'6̂ - 0-1229))

where, L, = length at age t, and t = age in years.

The length-weight regression described by Beckman et al. (1988) from fish harvested in 
Louisiana was used in this assessment. The equation is as follows:

log(W) = 3.05 * log(FL) - 4.943

where, W = weight in grams, and FL = fork length in millimeters.
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5.2 Natural Mortality

Natural mortality is one part o f  total mortality (Z) and is the mortality due to all causes other 
than fishing. These include predation, disease, spawning stress, starvation, and old age. Typically, 
natural mortality is estimated, as it is difficult to  directly measure, especially on exploited fish stocks 
w here natural mortality and fishing mortality occur simultaneously.

This assessment follows the former Louisiana Department o f Wildlife and Fisheries (1990) 
assessment in using a range o f  values for natural mortality (0.1, 0.15, 0.2) to  evaluate the sensitivity 
o f  M  on the resulting spawning stock.

5.3 Fishing Mortality

Fishing mortality estimates derived in the former Louisiana Department o f Wildlife and 
Fisheries (1990) assessment were used in this assessment to evaluate the impact o f current fishing 
regulations on the spawning potential o f  the stock. The former assessment did not address the 
concept o f  spawning potential as a management measure. Only recently has this concept become 
widely used.

The former assessment used the growth equation described in Section 5.1 to develop annual 
catch-at-age tables.

5.4 Yield-per-Recruit

Yield-per-recruit and SPR analysis provides basic information about the dynamics o f  a fish 
stock by estimating the impact o f  mortality on yield and the spawning potential o f  the stock. The 
results can be examined as to  the sensitivity o f  natural and fishing mortality rates on yield and 
spawning potential.

The growth parameters described in Section 5.1, the age-specific fishing mortality rates 
described in Section 5.3, and the natural mortality rates described in Section 5.2 were incorporated 
into the yield-per-recruit and spawning potential analysis. Fecundity estimates derived by Wilson et 
al. (1992) were used to  estimate spawning potential. The equation is as follows:

ln(BF) = 0.76 * ln(Age) + 12.24

where, BF=batch fecundity. The results are presented in Table 5.1, which contains estimates o f F ^ x  
(fishing mortality rate that produces maximum yield), F01 (fishing mortality rate representing 10% 
o f  the slope at the origin o f  a yield-per-recruit curve), F20%SPR (fishing mortality that produces 20% 
SPR), F30%spr (fishing mortality that produces 30% SPR), and estimates o f F from Section 5.3.



5.5 Conservation Standards
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Conservation standards are intended to  protect the viability o f  a fish stock for future 
generations. These standards have historically been based on a number o f  biological measures o f  the 
dynamics o f  fish stocks, depending on the availability and adequacy o f  data. Conservation standards 
should be separated into tw o types: a conservation threshold which is entirely biologically based and, 
a conservation target which considers biological measures modified by relevant social, economic, and 
ecological factors. A conservation threshold is a biological baseline for the harvest o f  a fish stock and 
should not be exceeded. It is the highest level o f  fishing mortality that will ensure that recruitment 
overfishing will not occur. Beyond the conservation threshold, a conservation target may be set, 
providing for other management goals in the fishery. Such goals may include maximizing yield in 
weight or numbers o f fish, economic benefits or profit, employment, or some other measurable goal. 
These targets should be set at a fishing mortality rate below that o f the conservation threshold in 
order to  ensure that the biological integrity o f  the stock is not damaged by fishing.

The spawning potential ratio (SPR) concept described by Goodyear (1989), is a species 
specific value expressed as the ratio o f  the spawning stock biomass (or egg production) per recruit 
(SSB/R) in a fished condition to the SSBZR in an unfished condition. The concept is based on the 
premise that below some level o f  SPR, recruitment will be reduced. Goodyear (1989), recommends 
that in the absence o f  sufficient data to  provide a value specific to the stock in question an SPR o f 
20% be used as a threshold. Work on North Atlantic ground fisheries also resulted in the calculation 
o f  a threshold SPR o f 20%  (Gabriel et al. 1984, Gabriel 1985). An SPR o f 20% has been 
recommended for Spanish and king mackerel in the G ulf o f  Mexico (National Oceanic and 
Atmospheric Administration/National Marine Fisheries Service 1995), while an SPR o f  8-13% has 
been demonstrated to  be sufficient for gu lf menhaden (Vaughan 1987). In earlier analyses o f 
Louisiana spotted seatrout fisheries (Louisiana Department o f  Wildlife and Fisheries 1991), an SPR 
threshold o f 15% was recommended based on several years o f data. M ace and Sissenwine (1993) 
examined 90 stocks o f  27 species, and reported that the average replacement SPR for all these stocks 
was 18.7%, while the most resilient quarter o f  the stocks required a maximum o f  only 8.6%. These 
authors recommended that an SPR o f 30% be maintained when there is no other basis for estimating 
the replacement level, as this level was sufficient in maintaining recruitment for 80% o f  the stocks 
examined. However, they noted that 30% may be overly conservative for an "average" stock, and 
reiterated the need for stock-specific evaluations o f  standards to enhance both safety and benefits in 
the fishery.

Sufficient information is not available to  directly estimate a conservation threshold for black 
drum in Louisiana. However, the conservation target o f 30% SPR established by the 1995 Regular 
Session o f the Louisiana Legislature for black drum, southern flounder, sheepshead, and striped 
mullet appears to be adequate to  maintain the black drum stock and prevent recruitment overfishing.
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The use o f any measure o f  the health o f a fish stock as a perfect index is arguable. It is logical 
to  conclude that growth overfishing should occur at a much lower fishing rate than that which would 
threaten recruitment. However, M ace and Sissenwine (1993) provide information to  suggest that 
some stocks may have reduced recruitment at levels o f  fishing that would not reduce yield-per- 
recruit. The preferable position for making recommendations on appropriate levels o f  fishing for a 
stock is to base those recommendations on actual measures o f  spawning stock size and recruitment 
fo r both the species and fishery in question. This requires a base o f  information resulting from 
monitoring o f both the stock and the fishery over a  variety o f conditions. W ithout this information, 
conservation standards may either underestimate o r overestimate the potential o f  a fishery. I f  the 
potential is underestimated, society loses the economic and social benefits o f  the harvest. I f  the 
potential is overestimated and the fishery is allowed to  operate beyond sustainable levels, society loses 
the benefits o f a sustainable fishery, and recovery will require some period o f  rebuilding, when effort 
must be reduced from the non-sustainable levels (Hilbom and Walters, 1993). Some researchers have 
speculated that overharvest o f  some stocks may lead to  their replacement in the ecosystem by other, 
often less preferred, stocks. The frequency o f  such replacements is unknown, and the cause o f  shifts 
in species predominance in an ecosystem is difficult to ascertain, even after the fact. Such a  shift has 
been reported in the G eorges Bank area, where prolonged, intense harvest o f  cod and haddock has 
been implicated in gradual increases in skate and spiny dogfish populations (National Oceanic and 
Atmospheric Administration 1993).

5 6 Status o f  the Stock

Black drum w ere lightly exploited until the early 1980s when commercial harvest began to 
increase dramatically (Figure 5.1). Commercial landings went from 0.4 million pounds in 1980 to 8.7 
million pounds in 1988. Regulations implemented in 1989 reduced the commercial harvest to  
between 2 and 4 million pounds annually. Regulations implemented in 1995 (ACT 1316) may have 
reduced harvest even further as evidenced in 1996, where landings w ere less than 2 million pounds. 
Harvest from the recreational fishery fluctuated, between 0.5 and 2.7 million pounds, for the years 
prior to  regulation (1981-1988), and 0.4 to 0.9 million pounds post-regulations (Figure 5.2). 
Recreational harvest since regulations were implemented in 1989 have remained stable. Mean 
catch-per-trip from the recreational fishery was calculated by selecting those trips that had black drum 
in their catch. The results are presented in Figure 5.3 along with 95% confidence limits around the 
mean. The catch-per-unit-effort (CPUE) indices cycled throughout the period examined 
(1981-1996), with no indication o f  a long-term downward trend. The years 1985, 1991 and 1996 
showed the lowest CPUE and only significantly lower then 1982, 1986, 1993 and 1994. 
Catch-per-effort data from the Departments, fishery-independent trammel net (750' - 1 5/8" inner, 6" 
outer wall) and small mesh bag seine (50’ -1/4” delta mesh) samples w ere calculated as follows:

M ean CPUE =  ( exp ( £  In ( catch +1 ) / N )) -1
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where, catch is the total number caught in each set and, N  is the number o f  samples taken annually. 
Trammel net and seine data w ere used for the period 1986-1997. The CPUE fluctuates throughout 
the time period in both the seine and trammel net samples with no indication o f  a long-term 
downward trend (Figure 5.4 and 5.5). The year 1988 was the only year where CPUE in seines 
showed any significant difference at the 95% confidence level and, only low er than 1986, 1992, 1996 
and 1997. Trammel net CPUE was highly variable throughout the period as indicated by the wide 
confidence limits associated with the years examined. The years 1986, 1988 and 1989 had the lowest 
CPUE, and only significantly lower than 1996.

Rules for the harvest o f  black drum changed recently. Commercial harvest methods were 
changed on August 15, 1995 when Act 1316 o f  the 1995 Regular Legislative Session, the Marine 
Resources Conservation Act o f  1995, became effective. This act outlawed the use o f "set" gill nets 
or trammel nets in saltwater areas o f Louisiana, and restricted black drum harvest by the use o f 
"strike" nets to the period between the third M onday in October and M arch 1 o f  the following year. 
A "Restricted Species Permit" was required in order to harvest black d ru m , and several criteria were 
established in order to  qualify for that permit. This set o f  regulations had the effect o f  reducing the 
harvest o f black drum by this segment o f  the commercial fishing industry.

It should be noted that the following results o f YPR and SPR analysis do not reflect the impact o f 
current regulations described above. With this type o f  general assessment, it will take several years 
before the impact o f  regulations will be observed in the disappearance rates from the fishery.

The results o f  YPR analysis indicate that if  M =0.1 (the most conservative value within the 
range o f  estimates), the fishery prior to  existing regulations (Act 1316) was operating above F0, and 
below F^Ax with yield o f  92%  o f  maximum, and SPR at 42%. An M  o f  0.15 o r 0.2 would indicate 
a more lightly fished stock with yield being 67% to  45% o f maximum and with SPR being 56% to 
67% respectively (Table 5.1).

5 7 Research and Data Needs

Estim ates o f  natural mortality used in the present assessment show wide variation. This 
variation reduces the reliability o f  the present assessment in providing an accurate prediction o f the 
potential yield o f  the stock, and also reduces the confidence level o f the present estimate o f  SPR. A 
more precise estimate o f  natural mortality would assist in both o f  these problems.

Annual age-length keys should continue to  be developed to provide catch-at-age data 
necessary to  conduct age-based population assessments. The department is in the process o f 
collecting otoliths for development o f annual age-length keys.



The relationship between wetlands losses o r modifications and the continuation o f  fishery 
production within the state has been discussed by many authors. However, this relationship is likely 
to  be different for the various fishery species. Understanding this relationship for black drum should 
be an ongoing priority.

In the presence o f  changing regulations, fishery-dependent information is not a reliable source 
o f  data for assessing the status o f  a fish stock. However, such data are necessary to  measure the 
effects o f fishing on that stock. Consistent fishery-dependent and fishery-independent data sources, 
in a  comprehensive monitoring plan, are essential to  understanding the status o f  fishery stocks, and 
to  identifying causes o f  changes in stock abundance. Present program s should be assessed for 
adequacy with respect to their ability to  evaluate stock status, and modified or enhanced to  optimize 
their capabilities.
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Table 5.1 -
February

Results of Yield Per Recruit and SPR Analysis for Black Drum *

9
3, 1998

M=0.1

F  R atio Y PR SPR % SPR % Y PR

Fm ax = 1.000 3.0259 1,889,656 21.80% 100.00%

F0.1 = 0.260 2 .4809 4,668,498 53.87% 81.99% B enchm arks

F20%  = 1.084 3.0223 1,733,321 20.00% 99.88%

F30%  = 0.705 2 .9862 2 ,599 ,982 30.00% 98.69%

* R egulations = 0.426 2.7925 3,655,175 42.18% 92.29% E stim ate

M=0.15

F Ratio Y P R SPR % SPR % Y PR

Fm ax = 2.100 2 .1766 426,128 10.85% 100.00%

F0.1 = 0.605 1.7506 1,704,392 43.40% 80.43% B enchm arks

F20%  = 1.405 2.1260 785,399 20.00% 97.67%

F30%  = 0.971 1.9981 1,178,098 30.00% 91.80%

* R egulations = 0.376 1.4562 2,201 ,492 56.06% 66.90% Estim ate

M=0.2

F Ratio Y PR SPR % SPR % Y PR

Fm ax = 3.000 1.8019 134,357 6.51% 100.00%

F0.1 = 1.153 1.5197 625,337 30.32% 84.34% B enchm arks

F20%  = 1.633 1.6709 412 ,499 20.00% 92.73%

F30%  = 1.165 1.5248 618,749 30.00% 84.62%

* R egulations = 0.326 0.8173 1,375,910 66.71% 45.36% E stim ate

* R egulations p rio r to  1995 and  A ct 1316
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Figure 5.1 - Commercial Harvest of Black Drum 
in Louisiana
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Figure 5.2 - Louisiana Commercial and Recreational Harvest
of Black Drum
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Figure 5.3 - Catch per E ffort o f Black Drum in Louisiana 
NMFS Marine Recreational Fishery Statistics Survey

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96

Year

Figure 5.4 - Catch per Effort o f Black Drum in Seines 
Marine Fisheries Division, Monitoring Program
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Figure 5.5 - Catch per Effort o f B lack Drum in Tram m el Nets 
Marine Fisheries Division, Monitoring Program
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E N FO R C E M E N T  CA SE R EPO R T-JA N U A R Y  1998

R E G IO N  T

T O T A L  CASES-79 W M A & R EFU G E S-7

5-B oating

10-Fishing W /O  R esident Pole License

5- A ngling W /O  A License

6- H u n tin g  W / O  R esident License

4- H u n t W /O  R esident Big G am e License

2 -H un t F ro m  M oving Vehicle

2 -H un t W ith  U nplugged G un

6- H u n t, S tand , L o ite r F rom  A Public R oad

2-F ailu re  T o  C om ply W ith  H u n te r Safety R egulations

2-H un t O r  T ake D eer C losed Season

2-H unt O r  T ake D eer Illegal H ours

7- H u n t O r T ake D eer F rom  Public R oad

2-H unt O r  T ake Illegal D eer O pen Season

2- Possession Illegally T aken  D eer

3- F a ilu re  To W ear H un ters  O range

1-H unt M B  W ith  U nplugged G un

5- H u n t M B  Illegal H ours

7-N ot A bid ing  By R ules A nd Regs. O n  W M A

1-C rim inal T resapss

3 -O p era te  A TV  O n  A  Public  R oad



Page (2)

1- D ischarge F irea rm  F rom  Public R oad 

C O N FISC A TIO N S:

3 deer, 3 guns.

T O T A L  O F  EA C H  C A TEG O R Y  FO R  R E G IO N  1:

5- B oating

15-Sport F ishing 

41-H unting

6- M GB

12-M isc.

T O T A L  O F  CASES M A D E ON W M A :

2- Jackson-BienviUe

R E G IO N  1 CONTTK

5-B odcau
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REGION 2

TOTAL CASES-93 WMA&REFUGES-13

11-Boating

1-Taking Gamefish Illegal Method

1-Taking Undersize Commercial Fish

4-Angling W/O A License

1- Angling W/O A Non-Resident License

3-Fish W/O A Resident Pole License

2- Take Illegal Size Black Bass

3- Hunting W/O Resident License

1-Hunt/Take Deer From Public Road

16-Hunt From Public Road

4- Hunt Quadrupeds Illegal Hours

1-No State Duck Stamp

1-Possession Of Illegally Taken Deer

1- Hunt MB W/Unplugged Gun

3-Transport Completely Dressed MB

2- Using Lead Shot In Steel Shot Area

2-No Federal Duck Stamp

1-Hunt MB With Unsigned Stamp
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10- Hunt MB Illegal Hours

1- Hunt MB W/O State Hunting License

9- Not Abiding By Rules And Regs. On WMA

8-Violate Scenic River Regs.

2- Littering

3- Violation Of Highway Regulatory Act Title 32

1-Driving W/O Operators License

1- Discharge Firearm From Public Road 

CONFISCATIONS:

11 ducks, 2 geese, 51 catfish, 8 bream, 4 crappie, 1 gun, 1 spotlight, 1 rabbit, 1 Federal 

duck stamp.

TOTAL OF EACH CATEGORY FOR REGION 2:

11- Boating 2-Littering 18-Public Assistance

2- Commercial Fishing

10- Sport Fishing 

26-Hunting

20-MGB

13-Other

R E G IO N  2 C O N TI)

9-WMA Rules And Regs.



REGION 2 CONTD.

TOTAL OF CASES MADE ON WMA:

P age (5)

12-0uachita

1-Georgia Pacific



P age (6)

REGION 3 

TOTAL CASES-106

8-Boating

21-Angling W/O A License In Possession

3-Take Fish Illegally

1-Take/Possess Undersize Black Bass

1-Use Illegal Mesh Nets

3- Hunt W/O Basic Resident License

1-Hunt W/O Muzzle Loader License

1-Hunt W/O Basic Non-Resident License

1- Trap FBA W/O License 

8-Failure To Wear Hunters Orange

11-Hunt/Discharge Firearm From Public Road

4- Hunt From Moving Vehicle

2- Hunt W/Unplugged Gun

1- Take/Possess Deer Illegal Methods

2- Take Deer Closed Season

4-Possess Illegally Taken Deer

3- Hunt Deer Illegal Hours

2-Hunt Deer In Closed Area

1-Hunt Deer W/Dogs-Still Season

WMA&REFUGES-11

6-Hunt Wild Quadrupeds Illegal Hours
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1-Illegal Spotlighting From Public Road

1-Fail To Abide By Comm. Rules And Regs.

8-Fail To Abide By Rules And Regs. On WMA

1-Hunt MB With Unplugged Gun

1-Use Lead Shot In Steel Shot Zone

1-Hunt MB W/O Non-Resident State Stamp

1-Hunt Ducks W/O Federal Stamp

3-Transport/Possess Completely Dressed MB

1- Transport/Possess Illegally Taken MB

2- Hunt MB From Powered Boat

2-Littering

TOTAL OF EACH CATEGORY FOR REGION 3: 

8-Boating 2-Littering

25-Fishing 

61-Hunting

R E G IO N  3 CONTD.

10-MGB



P age (8)

TOTAL O F CASES MADE ON WMA:

7-Alexander State Forest

1-Beauregard

1-Grassy Lake

1-Fort Polk

1-Pomme de Terre
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REG IO N  4 

TOTAL CASES-105

4-Boating

1-Angling W/O A License

1-Fish W/O Resident Pole License

1-Take Or Sell Commercial Fish W/O Commercial License

1-Take Commercial Fish W/O Commercial Gear License

6-Hunting W/O Resident License

I- Hunting W/O Non-Resident License

II- Hunting From Moving Vehicle

1- Hunting W/Unplugged Gun

2- Hutning Wild Quadrupeds Illegal Hours

2-Hunt Across Road Or Public Right-Of-Way

2-Hunt, Stand Or Loiter From Public Road Or Right-Of-Way

2- Hunt MB W/O State Stamp

6- Hunt W/O Resident Big Game License

1-Hunt Or Take Bear Closed Season

7- Hunt Or Take Deer Illegal Hours, Artificial Light

4-Hunt Or Take Deer From Public Road

4-Hunt Or Take Illegal Deer Open Season

4-Fail To Comply With Hunters Orange

3- Hunt On DMAP Lands W/O Permit From Owner
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5-Hunt Raccoons Illegally

4-Hunt Ducks W/O Federal Stamp

1-Hunting With Unsigned Duck Stamp

1-Hunt MB From A Moving Vehicle

3- Possess Untagged MB

1-Possession Over The Two-Day Limit Of MB

4- Using Leadshot In Steel Shot Area

1-Hunt MB W/o State Duck Stamp 

1-Hunt MB From Public Road

12-Not Abiding By Rules And Regs. On WMA

1- Littering

7-FIight From An Officer 

CONFISCATIONS:

5 deer, 1 bear, 11 ducks, 1 rabbit, 1 goose, 10 guns, 2 spotlights, 44 lead shot shells. 

TOTAL OF EACH CATEGORY FOR REGION 4:

4-Boating 1-Littering

61-Hunting

16-Federal

2- Sport Fishing

2-Commercial Fishing

R E G IO N  4 CONTD.

19-Other
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TOTAL OF CASES MADE ON WMA:

5-Big Lake

2-Boeuf

2-Buckhorn

10-Red River



Page (12)

REG IO N  S

TOTAL CASES-197 WMA&REFUGES-20

15-Boating

8- Angling W/O A Resident License 

1-Angling W/o A Saltwater License 

1-Take Illegal Size Black Bass

1- Theft Of Crab Trap

6-Not Abiding By Rules And Regs. On WMA

6-Not Abiding By Rules And Regs. On State Lands

2- Theft Of State Property

3- Illegal Spotlighting From Public Road

9- Violation Of Sanitary Code-Chapter 9

1- Fail To Refrigerate Properly

2- Misc. Federal Violations

12- Use YoYO Or Trigger Devices

6- Hunting W/O Resident License

13- Hunting From Moving Vehicle 

15-Hunt Wild Quadrupeds Illegal Hours

2-Hunt Across Public Road Or Road Right-Of-Way

7- Hunt, Stand, Loiter, From Public Road

1- Hutn MB W/O State Stamp

2- Hunt Or Take Deer From Public Road
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2- Hunt/Trap On DMAP Lands W/O Permit From Owner/Lessee

7- Hunt Ducks Or Geese W/O Federal Stamp

4- Hunt MB With Unplugged Gun 

18-Hunting MB Illegal Hours

8- Hunting MB Over Baited Area

3- Hunting MB From A Vehicle

I- Hunting MB with Illegal Firearm

5- Wanton Waste Of MB

II- Using Lead Shot In Area Designated As Steel Shot Only

5-Hunting MB With Electronic Calling Device 

1-Possess Over Limit of Ducks

5-Hunt MB without State Stamp

7-Hutn MB W/O State Hunting License

4- Hunt MB From Public Road

3-Violations of National Wildlife Regs.

CONFISCATIONS:

22 ducks, 15 geese, 15 coots, 19 rabbits, 3 spotlights, 10 guns, 42 yoyo’s, 3 sacks of 

oysters returned-to-water, 8 crab traps, 1 electronic caller.

TOTAL O F EACH CATEGORY FOR REGION 5:

15-Boating 52-Fishing 2-Public Assistance

130-Hunting

R E G IO N  5  CO N TD .
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REGION 5

TOTAL OF CASES MADE ON WMA:

10-Wildlife Refuge

10-State Wildlife
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TOTAL CASES-140 WMA&REFUGES-3

47-Boating

3-Angling W/O a License

1-Use Illegal Wire Net Or Take Undersize Catfish With Wire Net 

1-Take Or Possess Undersize Black Drum

1- Fail To Maintain Records

2- Hunting W/O Resident License

3- Failure To Abide By Commission Rules

11-Hunting From Moving Vehicle

6-Hunt Wild Quadrupeds Illegal Hours 

10-Hunt From Public Road

2-Hunt From Levee Road

2-Fail To Sign Duck Stamp

1- Driving On Levee

2- Fail To Comply With Hunter Safety Regs.

1-Obtain License Fraudulently

8-Hunt Deer Illegal Hours Or With Artificial Light

5-Hunt Or Take Illegal Deer Open Season

3- Hunt Raccoons Illegally

1-Not Abiding By Rules And Regs. On WMA

1-DWI
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6-IHegaI Spotlighting From Public Road 

1-Operate Vehicle While License Suspended 

1-Hlegal Spotlighting From Road 

1-Reckless Operation Of VehiclE

1- Adulterated Seafood

2- Hunt With Unsigned Duck Stamp

6-Rallying MB

3- Possession Of Completely Dressed MB

2-Possession Over The Two-Day Limit Of MB

4- Use Leadshot In Area Designated As Steel Shot Only

2-Possession Over limit Of Ducks 

CONFISCATIONS:

6 deer, 10 DMAP tags, 1 set of DMAP kill records, 4 woodducks, 15 gadwall, 4 widgeon, 

6 mallard, 13 gadwall, 1 rabbit, 32 leadshot shells, 5 guns, 3 black drum, 2 wire nets, 10 

pints of picked crabmeat, 1 ice chest of deer meat, 3 spotlights, 1 pfd, 1 knife.

TOTAL OF EACH CATEGORY FOR REGION 6:

47-Boating 19-Federal

5- Sport Fishing 

1-Commercial Fishing 

56-Hunting

R E G IO N  6 CO NTD .

12-Misc.
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REGION 6 CONTD.

TOTAL OF CASES MADE ON WMA:

2-Sherburne

1-Thistlewaite
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REGION 7

TOTAL CASES-231 WMA&REFUGES-l

5-Boating

15- Angling W/O A License

5-Angling W/O A Non-Resident License 

1-Angling W/O A Pole License

1- Take Commercial Fish Or Bait Species W/O Commercial License

2- Take Commercial Fish W/O Commercial Gear License 

l-DIegal Possession Of Game Fish

12-Hunt W/O Basic License 

1-Hunt W/O Non-Resident Basic License 

1-Bow Hunt W/O Bow License 

24-Hunt From A Moving Vehicle

3- Hunt With Unplugged Gun

5-Hunt Wild Quadrupeds Illegal Hours

16- Hunt Across A Public Road Or Right-Of-Way

12-Hunt From a Public Road

1-Possession Of Buckshot Closed Gun Season

1- Failure To Comply With Hunter Safety Regs.

7-Hunt W/O Big Game License

2- Hunt W/O Non-Resident Big Game License

11-Hunt Deer From A Public Road
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5-Take Illegal Deer O/S

2- Possess Over Limit Of Deer 

18-Selling Deer

1- Possess Illegally Taken Deer

3- Field Possession Of Deer Meat W/O Tag

3-Failure To Maintain Sex I.D.

22-Failure To Wear Hunters Orange

3-Hunt Duck W/O Federal Stamp

2- Hunt MB With Unplugged Gun

3- Use Lead Shot

1-Possess Over Limit Of Ducks

3-Hunt Ducks W/O State Stamp

1-Failure To Comply With Rules And Regs. On WMA

1- Criminal Trespass

2- IIlegal Possession Of Marijuana

2-Illegal Spotlighting From Public Road 

1-Littering

1-DWI

1-No Wake Zone 

1-Aggravated Assault 

1-Driving Without A License

R E G IO N  7 CO N TD .
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27-Hunt Deer Illegal Hours 

1-Hunt Deer W/O Muzzleloader License 

CONFISCATIONS:

7 guns, 1 Q-beam, 1 ice chest, 3 night vision devices, 1 flatbed trailer, 2 portable radios, 1 

plywood box.

TOTAL O F EACH CATEGORY FOR REGION 7:

5-Boating

3-Commercial Fishing

23-Sport Fishing 

177-Hunting

12-MGB 

10-Other 

1-WMA

TOTAL O F CASES MADE ON WMA:

R E G IO N  7 C O N TD .

1-Tunica
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REGION 8

TOTAL CASES-214 WMA&REFUGES-47

20-Boating

18-Angling W/O A Basic License

3- Angle W/O A Non-Resident License

5-Angle W/O A Saltwater License

2-Angle W/O A Non-Resident Saltwater License

2-Fail To Have Saltwater Stamp As Per 56:13.1 E

1- Take/Possess Undersize Red Drum

2- Take/Possess Undersize Speckled Trout

2-Take/Possess Undersize Black Drum

2-Possess Over The Limit Of Speckled Trout

1- Sell Fish Recreationally

2- Not Abiding By Commission Rules And Regs. For Commercial Finfish

4- Take Or Sell Commercial Fish W/O Commercial License

1- Sell Fish To Other Than Wholesale/Retail Seafood Dealer

2- Take/Possess Commercial fish W/O A Vessel License

3- Sell Or Buy Fish W/O Wholesale/Retail Dealer’s License

2-Restaurant, Retail Dealer, Retail Grocer Buy From Other than Wholesale/Retail

5- Fail To Maintain Records 

1-Illegal Shipping Of Commercial Fish 

1-Sell Or Purchase Game Fish
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1- Fail To Comply With Gamefish Shipping Regs.

2- Buy Permitted Species From Permitted Fisherman

4-Buy Commercial Fish From Unlicensed Fisherman 

1-Destroy Legal Crab Traps Or Remove Contents 

1-Violate Crab Trap Escape Ring Requirements 

1-Theft Of Crab Traps

1-Take Commercial Mullet In Closed Season

3- Unlawfully Take Oysters Off Private Lease

3-Take Oysters Illegal Hours

1-Failure To Fill Out Oyster Tags Correctly

1- Failure To Tag Sacked Or Containerized Oysters

7- Harvest Oysters W/O Oyster Harvester’s License

3-Harvest Oysters From Unmarked Lease

8- Hunt W/O Resident License

3-Possess Wild Birds Or Wild Quadrupeds W/O A License

2- Failure To Abide By Commision Rules And Regs.

8-Hunt Wild Quadrupeds Or Wild Birds Illegal Hours 

1-Hunt From A Moving Vehicle

1- Hunt From A Public Road Or Road Right-Of-Way

2- Hunt MB W/O State Stamp

2-Hunt W/O Resident Big Game License

R E G IO N  8 CO N TD .
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2- Hunt Or Take Deer Illegal Hours

3- Fail To Comply With Hunters Orange

2-Hunt/Trap On DMAP Lands W/O Permit From Owner/Lessee 

2-Possess Fur Bearing Animals W/O A License

5- Take Non-Game Quadrupeds Illegally

2- Trespass On Marshlands To Take Fur Bearing Animals

6- Hunt Ducks W/O A Federal Stamp

3- Hunt MB With Unplugged Gun 

2-Hunt MB Game Birds Over Baited Area 

2-Possess Untagged MB

8-Transport Completely Dressed MB 

2-Possession Of Over The Two Day Limit Of MB

2- Wanton Waste Of MB

7- Use Lead Shot In Area Designated As Steel Shot Only 

12-Possess Over The Limit Of Ducks

4- Hunt MB W/O State Duck Stamp

3- Hunt MB W/O State Hunting License

1- Hunt MB From Public Road

4- Not Abiding By Rules And Regs. On WMA

2- Violation Of Sanitary Code-Chapter 9

5- Other Than Wildlife And Fisheries

R E G IO N  8 C O N TD .
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CONFISCATIONS:

2 red drum, 87 speckled trout, 3 deer, 197 ducks, 30 coots, 1 gallinules, 6 rabbits, 233 lbs. 

Of black drum, 73 lbs. Of sheepshead, 132 mullet (seafood sold for $188.70), 50.5 lbs. Of 

striped bass, 6 guns, 2 lights, 1 pirogue, 5 crab traps, 38 shotgun shells, assorted records. 

TOTAL OF EACH CATEGORY FOR REGION 8:

20-Boating

37-Recreational Fishing 

53-Commercial Fishing 

99-Hunting

5-Other

TOTAL OF CASES ON WMA:

9-SaIvador

6-Biloxi

R E G IO N  8 CO N TD .

32-Pas a Loutre
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SHRIM P ACTIVITY REPO RT 

REGION 8 ENFORCEM ENT

COMPLAINTS

1. No shrimp complaints were received this month. Activity was very minimal-all inside 

waters closed except Breton and Chandeleur Sounds. Activity in outside waters was 

largely in compliance-all seasons open. Received a few complaints referencing the use of 

oversize trawls in outside waters-Grand Isle area-referred to SWEP and R9.

PATROLS

1. Regular patrols by boat have been continued. Very few shrimpers active.

INQUIRIES

1. We received a few inquiries for TED information, which were referred to the LSU 

Cooperative Extension Service Fisheries Gerald Horst.

2. We received numerous calls regarding the closure and extension of inside waters and 

the new law regarding trawl size in outside waters.

CASES

Jefferson Parish-2-Butterfly in Closed Season, 2 commercial gear license, 1 commercial 

vessel license.

No Seizures.
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REGION 9

TOTAL CASES-369 WMA&REFUGES-8

38-Boating

55-Angling W/O A License 

16-Angling W/O A Non-Resident License 

1-Use Gear W/O Recreational Gear License

24-Angling W/O A Saltwater License

9-Angling W/O A Saltwater License Non-Resident

26-Failure To Have Saltwater Stamp

3- Possess Over limit Of Red Drum 

23-Take undersize Red Drum

1- Take Undersize Spotted Sea Trout

21-Take Undersize Black Drum

9-Take Over Limit Of Black Drum

2- Take Over Limit Of Flounder

2-Take Commercial Fish W/O Commercial License

4- Take Commercial Fish W/O Commercial Gear License 

2-Take Commercial Fish W/O Vessel License

1- Sell Fish W/O Wholesale/Retail Dealers License

5- Fail To Maintain Records

2- Sell Fish W/O Retail Seafood License

2-Use Illegal Mesh Nets
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R E G IO N  9 CO N TD .

1- Possess Bowfin Eggs Illegally

2- Butterflying In Closed Season

1- Fail To Have Written Permission

2- Take Oysters From Unapproved Area 

1-Fail To Display Proper Number On Vessel 

1-Harvest Oysters W/O Oyster Harvester License 

12-Hunting W/O Resident License

1- Hunting W/O Non-Resident License

14-Hunting From Moving Vehicle

3- Hunting W/Unplugged Gun

5- Hunting Wild Quadrupeds Illegal Hours

6- Hunt From Public Road

2- Take Rabbits Illegal Methods 

5-Hunt W/O Resident Big Game License

3- Hunt Deer Closed Area

14-Hunt Deer Illegal Hours W/Artificial Light

9-Hunt Deer From Public Road

7- Hunt Illegal Deer Open Season

4- Hunt Raccoons Illegally

4-Use Lead Shot In Area Designated Steel Shot Only 

1-Hunting Ducks W/O Federal Stamp
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6-Fail To Wear Hunters Orange 

1-Hunt MB With Unplugged

1- Rally MB i

2- Possess Over Limit Of Coots 

1-Possess Over Limit of Ducks 

1-Hunt MB W/O State Stamp 

1-Hunt MB W/O State Hunting License

3- Not Abiding By Rules And Regs. On WMA By Possession Of Buckshot During 

Closed Gun Season For Deer

1-Littering

1-Operate ATV Vehicle On Public Road 

1-Reckless Operation Of A Vehicle

6-Violation Of Sanitary Code 

CONFISCATIONS:

124 black drum, 65 red drum, 32 flounder, 5 rabbits, 5 deer, 50 Vz sacks of oysters plus 5 

pints, 1 sheep head, 2 gaspergoo, 5 wood ducks, 1 speckled trout, 8 raccoons, 73 coots, 6 

scaup, 46 bowfin and 25 lbs. Of bowfin eggs sold for $174.65, 5 garfish, 4 shad, 1 carp, 1 

buffalo fish, 1200 feet of gill net, l-4wheeler, 1 truck, 10 guns, 1 boat, 4 basic fishing 

resident licenses, 4 saltwater fishing licenses, 29 purchase/sales records, 1 book purchase 

receipts, 1 driver’s license, 1 bulleye light, 3 spotlights, 1 headlight w/battery, shotgun

R E G IO N  9 CO N TD .

and rifle shells.
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TOTAL O F EACH CATEGORY FOR REGION 9: 

38-Boating 1-Littering

190-Sport Fishing 

19-Commercial Fishing 

2-Trawling

5- Oysters 

91-Hunting 

12-MGB 

11-Other

TOTAL O F CASES ON WMA:

1-Attakpas

6- Pointe Au Chene

1-Atchafalaya
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TO TA L CASES-36 W MA&REFUGES-3

ST A T E W ID E  ST R IK E  FO R C E

5-Boating

5-Angling W/O A Basic License

3-Take/Possess Undersize Black Drum

3-Hunt From A Moving Vehicle

1- Hunt With An UnpluggedGun

2- Hunt Wild Quadrupeds Illegal Hours 

2-Hunt, Stand, Loiter From Public Road 

1-Hunt Or Take Deer Illegal Hours

1- Hunting With Unsigned Duck Stamp

2- Hunt MB Over Baited Area 

1-Wanton Waste Of MB

1-Use Lead Shot In Area Designated As Steel Only 

1-Hunt MB W/Electronic Calling Device

3- Not Abiding By Rules And Regs. On WMA 

1-Resisting An Officer

1-Illegal Possession Of Drugs Or Marijuana 

1-DWI

1-IHegaI Spotlighting From Public Road 

1-Reckless Operation Of A Vehicle
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CONFISCATIONS:

2 guns, 1 electronic caller device, 12 ducks, 5 geese, 3 black drum. 

TOTAL OF EACH CATEGORY FOR SPECIAL STRIKE FORCE: 

5-Boating

8-Sport Fishing

15-Hunting

3-WMA 

5-Misc.

TOTAL OF CASES MADE ON WMA:

S P E C IA L  ST R IK E  F O R C E  CONTD.

3-State Wildlife
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SEAFOOD INVESTIGATIVE UNIT 

TOTAL CASES-41

2-Angling W/O Basic Non-Resident License

2- Angling W/O Non-Resident Saltwater License 

1-Sell Fish Caught Recreationally

3- Take And Sell Fish W/O Commercial License 

1-Commercial Fisherman Sell To Other Than Wholesaler 

1-Take Commercial Fish W/O Gear License

1- Take Commercial fish W/O Vessel License

2- Sell Fish W/O Wholesale/Retail License

3- Sell Fish W/O Retail License

1-Buy Fish From Other Than Wholesale Dealer

6-Fail To Maintain Records

1-Illegal Shipping Of Commercial Fish

1-Sell And Purchase Game Fish

1-Fail To Comply with Game Fish Shipping Regs.

1-Buy Fish From Unlicensed Fisherman

1- Remove Contents Of Crab Trap

2- Violate Escape Ring Requirements

2-Fail To Comply With/Bait Menhaden Rules 

1-Theft Of Crab Trap
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SEAFOOD INVESTIGATIVE UNIT CONTD.:

1- Hunt From Pubic Road

2- Possess Fur Bearing Animal W/O License 

1-Misc.

1- Violate Sanitation Code

2- Misbranded And Adulterated Seafood 

1-Violate Mullet Regs.

CONFISCATIONS:

182 lbs. Of black drum sold for $91.00, 50.5 lbs. Of striped bass sold for $202.00, 58 lbs. 

Of crab meat.

TOTAL O F EACH CATEGORY FO R  SEAFOOD INVESTIGATIVE UNIT:

4-Sport Fishing 

33-Commercial Fishing

3- Hunting

1-Misc.
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S.W.E.P.

TOTAL CASES-23 

57 HOURS TOTAL RUNNING TIME 

71 BOATS CHECKED 

2-Boating

11-Angle W/O Basic Fishing License

4-Possess Undersize Black Drum 

1-Angle W/O Saltwater License

1- Angle W/O Marine Conservation Stamp

2- Over Limit Of Ducks

1- Unplugged Gun 

1-No Vessel License 

CONFISCATIONS:

16 black drum, 26 ducks, 1 gun.

TOTAL OF EACH CATEGORY FOR S.W.E.P.:

2- Boating

17-Recreational Fishing 

1-Commercial Fishing

3-Migratory Waterfowl
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O Y ST E R  S T R IK E  FO R C E  

T O T A L  CASES-54

2-V iolation O f S an ita tion  C ode-C hapter 9

1- T ak e  O ysters W /O  A  Vessel License

4-Sell H alf-Shell/R aw  O ysters W ithou t W holesale/R etail D ealers License

2- T ake O ysters W /O  H arv es te r’s License

3- IIlegally T ak ing  O ysters O ff O f A P riva te  Lease

3-T ake O ysters Illegal H ours

2 -F ailu re  To M ain ta in  R ecords O n O ysters 

1-Failu re  To R efrigera te  O ysters 

1 -Failu re  To R eta in  O yster Tags F o r 90 Days 

1-Pre-Packag ing  S altw ater O ysters Illegally

1- F a ilu re  To O b ta in  H ealth  C ertifica tion  F o r  Shucking  O ysters

2- T ak e  U ndersize B lack D rum

6-A ngling W /O  Basic License

6-F ishing W /O  S altw ater License

6-F ishing W /O  M arin e  C onservation  S tam p 

2-T ake U ndersize R ed D rum

1-Take O v er L im it O f R ed D rum  

1-H unt R ab b its  W ith  U nplugged G un

1- H u n t R abb its  W ithou t Basic License

2- Possess O ver L im it O f Coots
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2- T ake C oots W ith  L ead  Shot 

1 -L ittering

1-A ttem pted A ggravated A rson 

1-A ggravated  A ssault 

1-Sim ple A ssault 

C O N FISC A TIO N S:

6 b lack  d ru m , 11 re d  d ru m , 60 coots, 85 sacks o f oysters p lus 5 p in ts o f oysters. 

T O T A L  O F  EA C H  C A TEG O R Y  F O R  O YSTER S T R IK E  F O R C E : 

23-R ecreationaI F ish ing  1-L ittering

2-H unting  

21-O yster

3- M isc.

OYSTER STRIKE FORCE CONTD.

4 -M ig ra to ry  W aterfow l



T O T A L  CA SES W M A & REFU G ES-129
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T O T A L  CASES -1534



ENFORCEMENT AVIATION REPORT 
JANUARY. 1998

185-Amph. - 61092 
Hrs. - 64.7

Enforcement Hours 

Other Divisions 

Total Plane Use -

185-Float - 70365 210
Hrs. - 2.4 Hrs.

31.1

36.0

67.1

9467Y



1997 MANAGED DEER HUNTS
AREA__________________________HUNTER EFFORT_______________ DEER KILL
ALEXANDER STATE FOREST 600 (muzzleloader) 42
ATCHAFALAYA DELTA WMA 906 (archery) 40
ATTAKAPAS WMA 244 (bag check) 19
BAYOU MACON 341 (lottery) 46
BENS CREEK 595 28
BIG LAKE 1922 267
BODCAU WMA same as outside-no data
BOEUF 2077 248
BOISE-VERNON 1581 (Oct. hunts) 115
BUCKHORN 800 (lottery) 62
DEWEY WILLS 2933 294
FORT POLK 2794 (Nov. hunts) 170
GRASSY LAKE 1019 116
GEORGIA PACIFIC 1673 214
JACKSON-BIENVILLE 1363 (Oct.hunt) 98
LOGGY BAYOU 317 41
OUACHITA 505 55
PASS-A-LOUTRE WMA (archery)
PEARL RIVER 950 41
REASON RIDGE WMA self-clearing hunts
POMME DE TERRE 467 62
RED RIVER/THREE RIVERS 4091 542
RUSSELL SAGE 1358 121
SABINE self-clearing hunts
SALVADOR 392 49
SANDY HOLLOW 248 8
SHERBURNE 4119 395
SICILY ISLAND HILLS 365 37
SPRING BAYOU 582 41
THISTLETHWAITE 1000 (lottery) 61
TUNICA HILLS 1362 (muzzleloader) 54
UNION 2922 (12 days) 210
WEST BAY 2200 (Oct.hunt) 107

TOTALS 39,726 3,583
FEDERAL REFUGES
Tensas River NWR-(lottery)
Bayou Cocodrie- (archery)

(muzzleloader)
Lake Ophelia NWR (all hunts)
Bogue Chitto (all hunts)
D'Arbonne NWR
Lacassine NWR (archery)
Cameron Prairie NWR (archery)
Catahoula NWR (archery)

TOTALS
FOREST SERVICE PRESERVES
Catahoula NWP 3976 222
Red Dirt NWP 2694 128

TOTALS 6,670 350



RESIDENT BIG GAME LICENSES LOUISIANA
WHITE-TAILED DEER HARVEST

YEAR # SOLD YEAR HARVEST
1990/91 194,3001990/91 172,678 1991/92 204,1001991/92 171,729 1992/93 214,9001992/93 172,174 1993/94 213,0001993/94 171,071 1994/95 221,0751994/95 170,227 1995/96 237,4001995/96 168,748 1996/97 234,7001996/97 166,785 1997/981997/98

RESIDENT ARCHERY LICENSES

YEAR # SOLD
1990/91
1991/92
1992/93
1993/94
1994/95
1995/96
1996/97
1997/98

30,077
32,912
33,964
34,704
35,746
35,893
34,857

LOUISIANA
MUZZLELOADER SEASONS, 1993- 1997

YEAR # LICENSES SOLD HARVEST SEASON STRUCTURE
93/94 4,644 3,400 5 days, Mon.-Fri.
94/95 5,363 2,700 5 days, Mon.-Fri.
95/96 6,789 4,300 5 days in 2/3 

of state; 7 days 
in 1/3 of state.

96/97 12,808 13,300 7 days in entire
state, prior to 
gun season.
14 days in entire 
state, one week 
prior and one 
week after gun 
season.

97/98



DMAP STATISTICS 
1989-1997

YEAR # COOPERATORS $ COLLECTED
1989 760 89,530.00
1990 677 85,138.35
1991 725 93,794.56
1992 848 99,105.75
1993 994 123,079.34
1994 1,127 133,063.29
1995 1,161 138,665.55
1996 1,228 150,450.80
1997 1,322 160,618.96

DMAP STATISTICS 
1997/98

DISTRICT COOPERATORS S COLLECTED
1 236 26,350,16
2 203 26,962.13
3 134 15,855.15
4 125 15,894.63
5 203 25,295.69
6 195 25,408.52
7 226 24,852.68

TOTALS 1,322 $160,618.96



LOUISIANA 
BIG GAME RECORDS

Current State Listing 
Fall 1997



t

LOUISIANA BIG GAME RECORDS 
3rd RECOGNITION PROGRAM 1998-2000 

MINIMUM ENTRY SCORES

Deer/Gun Recognition Program La. State Record* Boone and

White-tail
Typical- 150 160 170

White-tail
Non-typical 175 185 195

* also qualifies for Boone and Crockett Awards Program 
** all time record book

Deer/Archery Recognition La, State Pooe and Young
Program Record Record Book

White-tail
Typical- 90 110 125

White-tail 
Non-typical 100 140 155

Deer/Muzzleloader Recopnition La. State Longhunter
Program Record Societv

White-tail
Typical 110 120 130

White-tail
Non-Typical 130 150 160

Wild Turkey Recognition Program La. State Record

40 40

Anyone having a trophy that may score high enough to receive 
recognition from the state, the Boone and Crockett Club, or the Pope 
and Young Club should contact their local district LDWF office or the 
Deer Study Section in Baton Rouge.

Copies of the 1979-91 Louisiana Record Book, Louisiana Big Game 
Recognition Program 1992-1994, and the Current State Listing of Big Game 
Records are available from the Deer Study Section.



STATE OF LOUISIANA - BIG GAME RECORDS

Cateeorv •- White-tail Deer - Gun - Tvoical Antlers

SCORE LOCALITY KILLED HUNTER DATE B & C ROOK

184 6/8 Madison Parish Don Broadway 1943 Yes

184 4/8 Bossier Parish Ernest 0. McCoy 1961 Yes

184 2/8 Franklin Parish Dr. H.B. Womble 1914 Yes

180 5/8 St. Landry Parish Shawn P. Ortego 1975 Yes

180 4/8 Madison Parish Buford Perry 1961 Yes

179 7/8 Tensas Parish Anthony Guice 1995

179 6/8 Union Parish Bill Cranford 1963

177 7/8 LaSalle Parish Jim Nick Gray 1996

177 5/8 Concordia Parish John W. King 1996

177 3/8 Claiborne Parish Steven L. Morton 1986 Yes

176 2/8 Richland Parish Willard Robertson 1968 Yes

174 5/8 Tangipahoa Parish Robert Lee 1992

173 4/8 Fort Polk WMA 
Vernon Parish

Dean Mitchell 1983

172 3/8 Concordia Parish Unknown 1922

171 7/8 Madison Parish M.L. Arnold 1941 Yes

171 5/8 Tensas Parish Jim Keahey 1960 Yes

171 1/8 Bossier Parish David C. Long ' 1994

170 6/8 Livingston Parish Huey Lanier 1985

170 6/8 Winn Parish Charles Erwin 1980 Yes

170 6/8 Natchitoches Parish Randy Ward 1993

170 5/8 Webster Parish H.G. Gregory 1985 Yes

170 3/8 Madison Parish V.W.F. Jefferson 1945

170 1/8 Morehouse Parish Johnnie Kovac, Jr 1979 Yes

170 1/8 Saline WMA Richard Miller 1991

170 Franklin Parish Vernon Morris 1977



170 V.Feliciana Parish

169 4/8 Tensas Parish

169 Morehouse Parish

168 5/8 Chicago Mills WMA 
Tensas Parish

168 1/8 Winn Parish

168 Tensas Parish

167 6/8 Red River WMA 
Concordia Parish

167 3/8 Madison Parish

166 5/8 Bossier Parish

166 2/8 Thistiethwaite WMA 
St. Landry Parish

165 4/8 Avoyelles Parish

165 3/8 Union Parish

164 7/8 Concordia Parish

164 6/8 W.Feliciana Parish

164 Bienville Parish

164 Bienville Parish

163 3/8 W.Feliciana Parish

163 2/8 Pt. Coupee Parish

163 2/8 E.Feliciana Parish

162 6/8 Sabine Parish

162 6/8 Catahoula NWP 
Grant Parish

162 5/8 Bienville Parish

162 2/8 W.Feliciana Parish

162 Union Parish

162 Natichitoches
Parish

161 7/8 Red River WMA 
Concordia Parish

Jerry Loper 1960

W.B. McDonald 1956

Preston Church 1993

Warner L. Patton 1963

Danny Hebert 1996

Howard Waller 1971

Gary L. Kinsland 1978

Howard Waller unknown

Marlton E. Grisham 1995

Tim Vidrine 1992

Ronald Bonnette 1992

Layne Hammons 1965

Ronald Briehn 1965

Brad Sandridge 1992

Marjean McCoy 1961

Chuck Carr 1983

Steven Whatley 1995

J.Clifton Ortis,Sr. 1950

Stephen Stiegler 1987

Jeffrey K. Free 1976

Lenny Lachney 1977

Kevin Davidson 1982

Robert Fabre,Jr. 1978

Glynn Tucker 1967

Julian Van Hoof 1991

Gilbert Barr 1994



161 6/8 Bienville Parish La than Brown 1977

161 5/8 Avoyelles Parish M.J.Hartley 1980

161 4/8 Red River WMA 
Concordia Parish

L.D.LaBorde 1990

161 4/8 Concordia Parish Leo Young 1940

161 2/8 DeSoto Parish Jerry Newman

161 2/8 W.Feliciana Parish Joseph Joubert 1979

161 2/8 Three Rivers WMA 
Concordia Parish

Joseph L. Landry 1969

161 Caldwell Parish Tommy Johnston 1982

160 7/8 Tensas Parish Willie Dufrene 1994

160 1/8 Morehouse Parish Bill Barthel, Jr. 1979

160 Concordia Parish Kerry Boone 1962

* B&C Recognition Book



STATE OF LOUISIANA - BIG GAME RECORDS

Caterorv - White-tail Deer - Gun - Non-Tvoical Antlers

SCORE LOCALITY KILLED HUNTER DATE B & C BOOK

281 6/8 Big Lake WMA 
Tensas Parish

James McMurray 1994 Yes

252 2/8 Concordia Parish Dr. Joseph Shields 1948 Yes

227 Concordia Parish Picked-Up 1969 Yes

219 6/8 Caddo Parish W.D.Ethredge 1988 Yes

218 4/8 St. Martin Parish Drew Ware 1941 Yes

216 7/8 Concordia Parish J.Logan Sewell 
(Owner)

1956 Yes

213 1/8 Grant Parish Kevin Collier 1995

206 7/8 Claiborne Parish J .H . Thurmon 1970 Yes

206 6/8 Grant Parish Richard Ellison 1969 Yes

206 4/8 Caddo Parish Picked-Up

204 4/8 Tensas Parish Veldon Rodgers 1949

203 2/8 W.Feliciana Parish Estus Sykes 1994 Yes

201 3/8 Concordia Parish G.O. McGuffee 1963 Yes

198 5/8 Concordia Parish Raymond Cowan 1961 Yes

197 6/8 Tensas Parish Steve McCarty 1948

195 3/8 Chicago Mills WMA 
Tensas Parish

W. Currington 1963

192 7/8 Union Parish W.Paul Dendy 1969

192 7/8 Caddo Parish Robert Anderson 1982

192 6/8 E.Feliciana Parish Picked up 1988

192 6/8 W.Feliciana Parish Terry Tharp 1991

192 3/8 Three Rivers WMA 
Concordia Parish

Dawn Dauzat 1980

192 W.Feliciana Parish Robert LaVille 1993

190 2/8 Concordia Parish John T. Lincecum 1986



188 7/8 Red River Parish Danny Ray Bounds 1961

186 6/8 Concordia Parish T.B.Jones 1940

185 7/8 Bossier Parish Larry Cook 1995

185 6/8 Avoyelles Parish O.D. Chatelain,Jr. 1960



STATE OF LOUISIANA - BIG GAME RECORDS

Cateeorv - White-tail Deer - Arr.herv - Tvnir.al Antlers

SCORE LOCALITY KILLED HUNTER DATE
POPE 
& YOUNG

175 St. Mary Parish Shannon Presley 1981 yes

174 E. Carroll Parish Gary Carr 1996

164 Tensas River NWR 
Tensas Parish

Joe Hatton 1995

161 5/8 E.Carroll Parish F.Lane Mitchell 1993 yes

161 4/8 E.Feliciana Parish James K. Morgan - 1977 yes

156 7/8 Concordia Parish Clay Cooper 1996

152 4/8 Tensas River NWR 
Tensas Parish

Kenney Dunham 1995 yes

152 4/8 E.Carroll Parish Mike Edwards 1995 yes

151 6/8 Avoyelles Parish Kerry Webb 1994

149 5/8 Madison Parish Jason Elrod 1996

149 5/8 Tensas Parish Robert T. Buller 1997 yes

149 2/8 E.Carroll Parish Robert Jarvis 1993 yes

146 1/8 Rapides Parish Roy Snow 1996 yes

145 4/8 Caddo Parish John L. Smith 1993

144 4/8 E.Carroll Parish John Poindexter 1997 yes

144 Tensas Parish Lynn Honeycut 1997 yes

143 4/8 Tensas River NWR 
Tensas Parish

Edward .Forman, Jr. 1988 yes

142 7/8 E.Carroll Parish George Bryant 1993 yes

142 5/8 Concordia Parish John Morelia 1979

142 E.Carroll Parish Wilbur R. Primes 1993

140 7/8 Desoto Parish Mark Fisher 1993 yes

140 5/8 E.Carroll Parish Trellis Green 1992 yes

139 2/8 Tensas Parish Robert Bradley 1990

139 1/8 Concordia Parish John Wood 1992 yes



137 5/8 Tensas River NWR 
Tensas Parish

Henry E. Traxler 1990

137 5/8 E.Feliciana Parish John Schmidt 1991

137 E.Feliciana Parish Guy Bergeron 1993 yes

137 Concordia Parish Hank Kizer 1996 yes

136 7/8 E.Carroll Parish David Marretta 1993 yes

136 5/8 E.Carroll Parish Alan T.Howard 1991 yes

136 4/8 Tensas River NWR Carl Childress 1988 yes

136 4/8 Madison Parish Martin Harthcock 1990 yes

136 3/8 Tensas Parish James Vinson 1990 yes

136 1/8 Claiborne Parish Joe M. Tuggle 1985 yes

136 Madison Parish Malcolm Franks 1987 yes

135 7/8 W.Feliciana Parish Jay McCleary.Jr. 1993 yes

135 5/8 W.Feliciana Parish George Spivey, III 1995

135 2/8 E.Carroll Parish Joe Morelli 1992 yes

135 1/8 Tunica Hills WMA 
W.Feliciana Parish

James C. Davis 1995 yes

134 7/8 Tensas River NWR 
Tensas Parish

John Peoples 1991

134 3/8 W.Feliciana Parish David Fontenot 1993 yes

134 2/8 Jackson Parish George Henson 1994

133 4/8 Thistlethwaite WMA 
St.Landry Parish

Charles Mistric 1991 yes

133 2/8 Concordia Parish Benny Burris 1996 yes

133 E.Feliciana Parish Johnny Gibson 1994 yes

133 St.Helena Parish Douglas Meinke 1995

132 5/8 W. B. R. Parish Jim Thibodeaux 1984 yes

132 1/8 Thistlethwaite WMA 
St. Landry Parish

Brent Fontenot 1989 yes

132 W.Feliciana Parish Don Barge 1992 yes

131 7/8 Tensas River NWR 
Tensas Parish

David Sheppert 1994 yes



130 4/8 E.Feliciana Parish Rick Vallet 1990 yes

130 3/8 E.Carroll Parish James Head 1991

129 5/8 Ouachita Parish Arvil Fowler 1995

129 4/8 W.Feliciana Parish J.C. Brown 1988

129 E.Carroll Parish Mike Jones 1990 yes

128 4/8 Lincoln Parish Ken Cook 1991

128 E.Carroll Parish Trip Hadad 1990 yes

127 5/8 St. Tammany Parish Greg Johnson 1996 yes

127 4/8 Tensas Parish Ronnie McDaniel 1993

127 2/8 E.Feliciana Parish Clint Levert 1995 yes

127 W.Feliciana Parish H.Wayne Stevenson 1995

126 6/8 Pt. Coupee Parish M.T.McBride 1993 yes

126 5/8 Caldwell Parish Billy Thomas 1995 yes

126 4/8 Evangeline Parish Prentiss Perkins 1992 yes

126 1/8 Boeuf WMA 
Caldwell Parish

Billy Jones 1991

126 Terrebonne Parish Travis Bergeron 1991

126 Concordia Parish Clay Cooper 1994

125 7/8 Tensas Parish John McAdams III 1993 yes

125 4/8 E.Feliciana Parish Charles Denstorff 1993 yes

125 4/8 St.Helena Parish Brent Stevens 1992 yes

125 2/8 St. Mary Parish Willie Blanchard 1995 yes

125 1/8 Atchafalaya Delta WMA 
St. Mary Parish

Eric Alleman 1994 yes

123 6/8 W.Feliciana Parish Steve Ferguson 1992

123 3/8 Concordia Parish John Wood 1995

123 1/8 Bayou Cocodrie NWR 
Concordia Parish

Lloyd Landry, III 1995

122 6/8 Atchafalaya Delta WMA 
St.Mary Parish

Eric Alleman 1993

122 4/8 Concordia Parish Hank Kizer 1990



122 4/8 Rapides Parish Chris Sandoval 1994

122 2/8 Concordia Parish Fred Hilburn 1996

121 7/8 Tensas Parish Jim McConathy 1987

121 6/8 Atchafalaya Delta WMA Grady Alleman 1993

121 5/8 Tensas River NWR Kippy King 1996

121 2/8 Tensas Parish Michael Gillum 1993

121 1/8 Cameron Parish Mike Nobile 1992

121 Tunica Hills WMA 
W.Feliciana Parish

Mark Junot 1997

120 7/8 Winn Parish Houison Horne 1988

120 7/8 Tensas River NWR Roger Ward 1991

120 6/8 E.Carroll Parish Tim Carte 1992

119 7/8 Tensas Parish Jerry Blackmon 1994

119 6/8 Tensas River NWR 
Tensas Parish

Jimmy Griffing 1989

119 3/8 Caldwell Parish Danny Russell 1990

118 7/8 Pt.Coupee Parish John Sturgis 1997

118 6/8 Tensas Parish David Vinson 1995

118 5/8 Tensas Parish John Wood 1993

117 4/8 Tensas Parish John Wood 1993

116 7/8 Vermilion Parish Robert St. Julien 1986

116 7/8 W.Feliciana Parish Mark Jones 1992

116 4/8 Madison Parish Eric Craighead 1994

116 1/8 Tensas Parish John Wood 1994

115 3/8 Lincoln Parish John Wilson 1982

115 Loggy Bayou WMA 
Bossier Parish

Stan Chapman 1975

114 7/8 St. Landry Parish E.F. Cormier 1989

114 1/8 W.Feliciana Parish J.C.Brown 1992

113 6/8 W.Feliciana Parish John Newsom II 1987



1993113 6/8 Atchafalaya Delta WMA 
St. Mary Parish

113 5/8 Concordia Parish

113 3/8 Madison Parish

112 4/8 Richland Parish

112 Red River Parish

111 6/8 Tensas Parish

111 6/8 Evangeline Parish

110 6/8 Tensas Parish

110 6/8 Tensas River NWR

110 3/8 Catahoula NWP/KNF 
Grant Parish

Edward Dupris

Hank Kizer 1989 

Kenny Dyess 1994 

Bill Edraonston 1988 

Gerald Jones 1995 

Freddy Gaumnitz 1990 

Susan Sons 1992 

Jimmy Wood 1988 

Wayne Prejean 1987 

Bill Jones 1992



STATE OF LOUISIANA - BIG GAME RECORDS

Category •• White-tall Deer - Archerv - Non-Tvnleal Antlers

SCORE LOCALITY KILLED HUNTER DATE

203 5/8 E.Feliciana Parish Rodney Lee 1983

186 4/8 Red River WMA 
Concordia Parish

Johnny Warren 1993

■182 2/8 E.Feliciana Parish John Schmidt 1994

157 3/8 St.Tammany Parish Milton Johnson 1991

Pope & Young



STATE OF LOUISIANA - BIG GAME RECORDS

Category - White-tail Deer - Muzzleloader - Typical Antlers

Longhunter
Score Locality Killed Hunter Date Society

151 4/8 Tensas Parish Jeff Dobbins 1992 yes

149 1/8 Camp Beauregard 
WMA; Rapides Parish

Morgan Hess 1995

148 7/8 Caldwell Parish Reggie Watson 1989

140 4/8 Lake Ophelia NWR 
Avoyelles Parish

John Tuma 1994

138 4/8 Camp Beauregard 
WMA; Rapides Parish

Bob Harvey 1995

133 6/8 E.Feliciana Parish Bob Mixon 1990 yes

131 E.Feliciana Parish David Moreland 1992 yes

130 4/8 W.Feliciana Parish John Schmidt 1991

125 5/8 ASF WMA 
Rapides Parish

Darryl Esthay 1992

124 Caddo Parish Tommy Tullis 1996

120 7/8 Lake Ophelia NWR Randy LaCombe 1992
Avoyelles Parish



STATE OF LOUISIANA - BIG GAME RECORDS

Cateporv ■• Eastern Wild Turkev

SCORE LOCALITY KILLED HUNTER DATE

52.0 Fort Polk WMA Charles W. Caraway 1982

50.0 Rapides Parish Jason DeWitt 1991

49.2 Vernon Parish Wayne Baum 1987

49.0 Lasalle Parish Bobby Gates 1992

48.85 Caddo Parish Rick McMillan 1995

■p- 00 V West Bay WMA 
Allen Parish

Paul Jackson 1978

48.5 Madison Parish Marion Collier 1982

48.0 Rapides Parish C . S. Tanner 1989

48.0 Sherburne WMA 
Pt. Coupee Parish

Lester McNeal 1995

47.5 W.Feliciana Parish Jeff Jackson 1985

47.5 E. Carroll Parish Tom M. Cattle 1982

47.1 Claiborne Parish Jerry Coleman 1990

47.0 Iberville Parish John Chaney III 1989

47.0 E.Carroll Parish Larry Savage 1982

46.5 W.Feliciana Parish Dr. T.G. Edwards 1982

46.5 Red Dirt NWP 
Natchitoches Parish

Tracy Lucky 1986

46.0 W.Feliciana Parish Robert Love 1989

46.0 W.Feliciana Parish Earl C. Watts, Jr. 1980

46.0 Lincoln Parish Ken Cook 1993

46.0 Rapides Parish Jason Dewitt 1994

46.0 Sherburne WMA 
Pt.Coupee Parish

Larry Sandoz 1997

45.5 Rapides Parish Michael Broussard 1982

45.0 E.Carroll Parish James R. House 1982

45.0 Vernon Parish Raymond Davis 1983



45.0 Beauregard Parish John Robinette 1984

45.0 St. Landry Parish Frank C. Lemings 1981

45.0 E.Feliciana Parish J.M. Woodside, Jr 1981

45.0 W.Feliciana Parish Jeff Jackson 1992

44.5 E. Carroll Parish James R. House 1982

44.5 Grant Parish Raymond J . Palermo 1981

44.3 Iberville Parish Randy Hull Sr. 1995

44.0 Pt. Coupee Parish Chuck Guerin

44.0 St. Tammany Parish Keith Hemsteter 1984

44.0 W.Feliciana Parish Jeff Jackson 1992

44.0 Madison Parish Jeff Jackson 1992

44.0 W.Feliciana Parish Jeff Jackson 1996

44.0 W.Feliciana Parish Jeff Jackson 1997

44.0 Union Parish Matas 'Doc' Green 1997

44.0 Pt.Coupee Parish Eldon Cornette 1997

43.5 Washington Parish Wayne Morris 1982

43.5 W.Feliciana Parish Jeff Jackson 1993

43.1 W.Feliciana Parish J.C. Lieux 1995

43.0 E.Feliciana Parish J.C. Brown 1984

43.0 St.Landry Parish John E. Bacon 1985

43.0 Bodcau WMA 
Bossier Parish

Don Carpenter 1991

43.0 Sherburne WMA 
Pt. Coupee Parish

Randy Martin 1995

43.0 Sherburne WMA 
Pt. Coupee Parish

Pat Lafleur 1995

43.0 St.Landry Parish Keith Artigue 1996

43.0 W.Feliciana Parish Doug Laquette 1996

42.5 St.Landry Parish Mark Russell 1984

42.0 E.Feliciana Parish James A. Roy, Jr. 1979

42.0 St. Tammany Parish David Cave 1982



42.0 Grant Parish Raymond Davis 1983

42.0 Calcasieu Parish John Robinette 1984

42.0 Grant Parish Danny W. Moreau 1983

42.0 Avoyelles Parish Jason Dewitt 1993

42.0 W.Feliciana Parish Marcel Danos 1990

41.7 Grant Parish Jeremy Timmer 1995

41.5 Sabine Parish John Hart 1982

41.5 E.Feliciana Parish Huey Sanders 1981

41.5 Natchitoches Parish Wilbur Rister 1984

41.5 W.Feliciana Parish Jennifer Jackson 1990

41.5 St.Tammany Parish Randy Piwetz 1992

41.5 E.B.R, Parish Robert Love 1995

41.2 Pt.Coupee Parish Russell Allement 1988

41.0 Fort Polk WMA 
Vernon Parish

Robert M. Deason 1982

41.0 Rapides Parish William E. Burns 1985

40.5 St.Landry Parish Larry Sandoz 1997

40.3 Rapides Parish Steve Schexnyder 1985

40.0 E.Feliciana Parish Russell Dilly 1984

40.0 E.Carroll Parish Michael R. Clement 1982

40.0 U.Feliciana Parish J.C. Brown 1980

40.0 Rapides Parish Frank D'Autremont 1991

40.0 Red River WMA 
Concordia Parish

Ted Smith 1995
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LOUISIANA BLACK BEAR PROGRAM
February 1998

BACKGROUND

In June o f  1990, the U.S. Fish and Wildlife Service (USFWS) proposed to  list the Louisiana black 
bear as threatened under the provisions o f  the Endangered Species Act. Habitat loss and illegal 
kill were sited as threats to the bear. On December 30, 1991, the USFWS made public its 
decision to  list the Louisiana black bear as a threatened species.

In October o f  1990, biologists from the Louisiana Department o f  Wildlife and Fisheries attended a 
meeting hosted by the Wildlife Committee o f  the Louisiana Forestry Association. The meeting 
was held to discuss bear ecology, management, and the implications o f  the listing proposal. Dr. 
Michael Pelton o f  the University o f  Tennessee, a  prominent bear researcher, stated that a  viable 
future for bears in the region would require a concerted and coordinated effort by the public and 
private agencies that control the land. This cooperative approach was adopted by the group and 
the Black Bear Conservation Committee (BBCC) was formed.

The BBCC has evolved to be an independent and diverse coalition o f  landowners, state and 
federal agencies, private conservation groups, forest industry, agricultural interests, and the 
academic community working together to address management and restoration o f  the bear in its 
historic range in Louisiana, Mississippi, southern Arkansas, and east Texas.

Virtually all major groups in the region with an interest in wildlife management, conservation, 
research, or with land use in current or potential bear habitat, are active members o f  the 
Committee. The member groups recognize that the best way to  avoid any regulatory burden, 
whether perceived o r real, it to  actually restore bear populations to a  point where they are no 
longer threatened.

Unlike other parts o f  the country where there are considerable public land holdings, in the historic 
range o f  the Louisiana bear, 90% o f  the forested habitat is privately owned. Therefore, any action 
perceived to  restrict activities on private properties has the potential to  create adversarial 
positions relative to bear restoration efforts.

Recognizing that restoration o f  bears would require restoration o f  habitat, almost entirely on 
private land, it was clear from the beginning that private landowners would have to be involved in 
the program from planning through implementation if the restoration goal was to  be achieved. To 
restore a federally listed species on private lands would require creating a  situation where the 
species was not considered a  liability. BBCC members have to create a  scenario where it is in the 
landowners best interest, both financial and otherwise, to manage for bears and bear habitat.

ACTIVITIES

To help achieve the restoration goals the BBCC established five subcommittees: 1) Information 
and Education, 2) Habitat and Management, 3) Research, 4) Conflict Management, and



5) Funding.

As with most other wildlife populations, the objectives and attitudes o f  landowners, land 
managers, and the general public will determine if a  healthy bear population is considered a 
positive o r negative occurrence. The Information and Education Subcommittee works to 
promote the philosophy that a  healthy bear population is an asset to  the community and that with 
protection and responsible management, the black bear can co-exist with other land use 
objectives.

A  slide presentation is available for presentation to interested groups throughout the region. An 
annual newsletter is published, tw o editions o f  a bear management handbook for landowners and 
managers have been printed and distributed, along with a  comprehensive restoration plan, a  poster 
to help educate hunters about the protected status and associated penalties, and brochures to  help 
educate the general public about bears. When the audience is appropriate, an effort is made to 
promote conservation incentives like the Wetland Reserve Program, Conservation Reserve 
Program, and Partners for Wildlife.

Workshops for landowners have been held in Tallulah, New Iberia, Franklin, and Ferriday, 
Louisiana, and in Cleveland, Rolling Fork, and Woodville, Mississippi. M ore workshops are 
planned as the program moves forward. These events are designed to involve the local 
community in the process. Landowners are given opportunities to express their concerns and 
needs. Conservation initiatives are often characterized as “caring more about animals than 
people” . These workshops are designed to incorporate the “human” element into the process.

The Habitat and Management Subcommittee has concentrated on production o f  the management 
handbooks and the restoration plan for the bear. The group has also taken the lead in the 
development o f  bear management units (BMU) and associated BM U teams. The units are 
geographical areas where the restoration activities will be focused. The teams are made up o f  
local landowners, farmers, community leaders, biologists from state and federal agencies, and 
researchers. The biologists provide the science and associated recommendations, but the 
landowners and local team members will ultimately determine what practices are implemented.

The goal o f  this approach is to:
1) prevent further habitat fragmentation or loss,
2) establish corridors between existing forested habitat,
3) coordinate management among tracts to  effectively use resources, and
4) focus efforts o f  a diverse user group tow ard common management objectives that 
benefit the bear as well as the community.

The BMU team is also kept up to date on the status o f  state and federal conservation programs 
available to  landowners as well as cooperative projects with timber companies that encourage 
planting non-productive cropland back to hardwood timber.

Management recommendations are based on science and the best way to  obtain this information is 
through research. The Research Subcommittee has identified research objectives and works to



coordinate them to avoid duplication o f  efforts and to  keep scientists working together. The 
primary areas o f  interest are: habitat assessment; ecological data; population data; systematics; 
and restoration to suitable habitat.

Groups involved in research projects are the U.S. Fish and Wildlife Service, Louisiana 
Department o f  Wildlife and Fisheries, Mississippi Department o f  Wildlife, Fisheries and Parks, 
Texas Parks and Wildlife Department, Arkansas Game and Fish Commission, Louisiana State 
University, Mississippi State University, University o f  Tennessee, and Virginia Polytechnic 
Institute. Various private and corporate landowners are essential cooperators in all research 
projects and very little o f  the work being done would be possible without their support.

In the radio-telemetry work being done in Louisiana, just under 200 different bears have been 
captured. Approximately 60 are monitored at any given time.

Future research efforts will be examining the potential for expanding the breeding bear population 
by translocation o f  sows with newborn cubs from areas with high population densities to  areas 
currently unoccupied by bears. Education and support o f  this concept by the local communities is 
mandatory before this is attempted.

Funding has come from member organizations in support o f  their representatives for travel and 
meeting expenses. The timber industry has provided funding necessary for printing o f  newsletters, 
brochures and handbooks, as well as research support and general operating expenses. The Safari 
Club has contributed to hunter education projects. Grants from the U.S. Fish and Wildlife Service 
and the Louisiana Department o f  Wildlife and Fisheries have partially funded a  coordinator 
position for the past six years and a grant from the National Fish and Wildlife Foundation has 
provided additional support. O ther grants are solicited for increased and more reliable funding.

M uch o f  the operating budget is provided through in-kind support. The Louisiana Department o f 
Wildlife and Fisheries is providing office space, the Mississippi Department o f  Wildlife, Fisheries 
and Parks provides printing services for the restoration plan and others publications, and timber 
compames provide meeting rooms, printing services, and general staff support. The overall in- 
kind contributions to  the effort add up to many thousands o f  dollars each year.

Coordination o f  the activities o f  various federal and state agencies relevant to  the bear is also an 
area that has required attention. The Conflict Management Subcommittee has been a  key element 
in this effort. The USFWS, with input from the BBCC membership, drafted a “Contingency Plan 
for Dealing with Human/Bear Conflicts in Louisiana.” The plan clearly delineates those parties 
responsible for resolving problems that may arise when bears come into conflict with human 
activities. A very active and dedicated Conflict Management Team is committed to prevention 
and resolution o f problem situations. Participants are the Louisiana Department o f  Wildlife and 
Fisheries, the USFWS, the Louisiana Cooperative Fish and Wildlife Research Unit at LSU, USDA 
Wildlife Services, and the BBCC Coordinator.

The USFWS has provided funding to USDA Wildlife Services for electric fencing materials as 
well as travel and labor expenses associated with nuisance bear problems. The Conflict



Management Team has been very successful at working with local communities where bears are 
present. M ost people, once educated about bears, will readily accept their presence and help to 
protect them. Most have been willing to modify their behavior to  some degree to avoid additional 
conflict. Since most conflicts with bears are associated with the animal’s search for something to 
eat, this usually involves something as simple as proper management o f  garbage or feeding pets in 
areas not accessible to bears.

Since its formation, this group has had the primary objective o f  reversal o f  those factors that have 
brought about the steady decline o f  the Louisiana black bear. The members believe that it is 
possible to  secure a place for the continued existence o f  the bear within its historic range.

The Committee continues to actively solicit input from all parties that may be affected by a  larger 
bear population and work with them to resolve potential conflicts. Without the support o f  the 
general public, and the landowner in particular, the goals can never be achieved and the Louisiana 
black bear will likely remain listed under the ESA.

This continued pro-active, inclusive, and cooperative effort will increase the probability o f  
successful restoration o f  the Louisiana bear and help establish a foundation for many other wildlife 
related projects. Developing working relationships with other conservation programs like the 
Migratory Bird Initiative in the Lower Mississippi Valley serves to build additional support for the 
effort.

Efforts are constantly being made to  get other interests involved in the program. Timber interests 
have been involved from the outset, but all business has benefitted in that no additional permits 
are required when siting an oil well or other economic venture and no lawsuits have been filed 
that have locked up resources. The entire program is voluntary and is driven by cooperation.

This program serves as a  model, a  means o f  resolving a  resource management issue by 
encouraging input from all interested stakeholders, from the entire community. Priorities have 
been to put the resource first, to find common ground, to build coalitions while avoiding conflicts, 
to replace emotion with credible science throughout the management process, and to  have a 
strong commitment to the restoration objective.

By working together, this project has had a positive impact on everybody involved and will, in the 
end, help restore a  unique component o f  Louisiana’s wildlife heritage.

None o f  this could be done without the full support o f  the Louisiana Department o f  Wildlife and 
Fisheries and the other state wildlife agencies, the U.S. Fish and Wildlife Service, timber 
companies and their biologists, private landowners, conservation organizations, and many 
concerned individuals who sincerely believe that we need to  look at things a  little differently in a 
constantly changing social and political climate.
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T 3  £<

a  3  °

Z'3 a 
0  2  0

y Z  03

i l l

2
c

’H -

a
c03

si . £
C L  o  ^

1 5  f ^O  C L '

a  . s o

y  y
o o - o

" O  .

I-b > y

T 3
C03■3

■ S - g

y  >

0 0 - D  
C  a

- o  2  

«  3

y

«2 3
a

60 y
.£ ^ 'to

1#;
y L> «

111 
a  • § _ £

M r

03 O

I f !
I l
u iM

o  
u

2
S

a*

i i00 CL 00 CL 
2  <28

I c - S t
U  ^  3  CQ ̂2 6 % 

~ a  a  . a

o  3 T 5

V) 05 
V)

.rs
c

^  C  y

- a
y

t -03

c
y
y

a

y
>
cd

a

cd
a

2
V)
y

u  a  

O  - o

y
>

a
V)
3
O

>

2CL
2-5

8 
c  

y  
a03

E

2 
y  
5

c
a  5

- S I S ' 1 3

>N

y  3  2

P I
-  >

£ 2 %

i l l s

0 1 1^  2 a -s
n i l s
_ e  H  t i  £  3

y  5 ' H  E

%  §  B  a  803 o -3 u
■ S  2

= l l i l
S  t J B  s  5  

3 :  ^  S-S

2  3  5  & 2

cd ^  ' u  - £
y  y  '5 P

H i l l
E7) 2

2  J ^ g s l  .

■ § f ̂
3  % f  ^ g |

M l i l f
# 1 la 31
c  03 lo o  >  a

^3
y  2
N2 2

-g 8
o  * E

, M
8  « r

y  ^  u  y
w  • -  —

u  ^25
C05

IS
E  2— Cd

v
a

Ii
| i

y  2

i i !

T 3  - a  0 0  0 0  V) y

H i
S  3=re
£ ^

3

c1
y

- a
3re

£  y

1 1

- p
y  
y

o  2 2Cl re UJ

W  y

& 8 <S Js %• v v) _

l l l l !
—  ”  e  e  o

1 | P l
I  i l l  I

I t

! p2gy

i l l-5 ^  £s

3
0  

• C  
2 

. £  
y  

2

1

2  0 -IS
#;
2 ;& eo. re 
o

2re
2
y

Ii
a

b SS3 >2

1-_ 2  o

^3
£
2

a  £

5

1 
2

,1
I I
m  ' t -

66

111!ill!
I H i l l l f l l PI 210

r  2

-  2 C

V $  .£
- Oi l l

• i c 4 . 2  ^  2  S  a

® .lii i i ia
4^
c ‘ - Q

i  i l l S R i m n -_ 8CL vi

- 0
2
o

si 
11
I I

§
8
o

- a

ye
5
o

-T3
C

_re

re

c£
U-l

c d  
U

3

'll3 3

V)re
c  
y

£
0 0  
r e  
cre 
£

1 1

I Ia-?re

!! o re

y
e

c 2

8
y
V)re
2
u
c

c  y 
O  CL CL

£

3§•

3  s
2 <  I

i l i l l l
I S !  I
IIIIIS

S  O  o  o  § ) g

M l l i !£ 5̂ £ 3  g 
8 - 5 2  S 2 =  ?833

> 2
1 13̂

1 1 1
O H  111

I
C

o

re-5
CL

I
i l l
y  _ 0

3

i p
C >

111

o

2

g
-§a
II

§1ei 8 3  2 ' E

> -b «
l i  l-s

Ig % s J3 a a %. § a
•Sj-fS o ^  s' ffi I  ^ ^

2

4
|g

S  & c

2 1  y
2 - g S

2  ^  
0 0 . 2  
c  3
O  v>

I!

I
u

re
2 "  8  3re re v)
£  - ?  y

3 - 0 - 5

a

a . a  a 8
- y  v )  y ,  re re 0 0  

t  y

sCL
o

III
~  -  n  - a15 ji -9 '=

s 1 il li a 2 -5.
“  Q  o  o111! 2  - g

a w

SI % a  is -5 a

I

« !
1 1 1 !

] i l f

_ o

t i l
0 -  

l 2
a s  2
' i n  m i

^  C  1 3  
•— n

re o

11 ;
2

_ o

g _
CL 3 ^ - 0  y Wo

I
. a
- a

cl y

i
- a  v )

II
C  T 3

H
2 = 3

• "P

I l f
"l

_  S . * 2

m i
Ht#
£ 3 . 2  2

- p

2
3.0

2
3

X

s si
2  X

II!! n B i! 311
b-3

111

i l | I f
E L  9  9  5

y  _ 5  - o  o

00%.^
" D  £

|  re 

^ t d

S Z |

111
—  y

a l l  l !

1 1 1 1 1 1&=3 % srj%
- 3 ^

L. -
1 n %Pi ! 1lo 2  g  o o „

1 !

If
’S ' H2 c5 
o 2 
■3 3

s5 |
re3 o  C

Si!

s ’c

i/i■s
§
•g

!
1
U

re
c

|

E f e o  

0 0  y  cs-f e
E' g 2

£X

1

!  § a  g -3

r e  o  y  - t =C v_ 
y  o  X

- 2S-f u

- p

8g3cs. £ 0

CL

!IO M
Is

■rt

3 ^ 1
%FS

V)
y  

C o

0g“” N 
£

1

8
i l l
y  y  to

I f
( d  ~ o

y
x

2
o

x

H

^ 8
33

8
3-8-5
- 8 - 8 . E

y  re
3  3

11
2
8 u re

y

ji = s

oto
y
CO

-P

2 uu re

111!-  v -5 ^

y  r  «  " c  5  £

j i i f i i
y  u re

5 ^ 3

2  0 
2 ^ = 3 2

y

I
O

C

u  C  
• -  y  - p

If!

B t n i i  

i ’ i - i i l i t l
T3 ^ '

# & 8

r>
£ x x  - ,

re £  3  "Q 1
|

x  - 2  o

\ u
« - p  x

111
x " 1 3- i l

t -  C l  l.  O re o

d  v  c  «

5  2  9  1 3

e x  S g•S - a S

i | y
S 0 g a
u  3  u  d

- S i - 5
2  y  y  ^



z63
H
3-
V)
s

I

o-

263
g

<??
3n
S

03o
o
3rO.
ffi63
O-

ooCL

E l l

i l l=;■ m

CL ft ^  "

m i
o

a— r»

|  I I I
- o o w

. 3 ^ 0 -

3roCL

OC003“Oc
5-

g
o'

3
CTO

-t ~o

11
I fa- m
R 3

3
-a
3m
ma>V)

to

g"

S Z 3

111to to
S - I 3 -< re

<3 s-

i :
S % %

g

'O re .
Q. 3nV) 
to*

5.
*8 
to3 „ CLOO.
cr 3 to QTQ
a-g-

CLmH3re3CL
O3

:"0
3CL
cn

‘ o'3

3
N 

! '
5 -9 -^  q
G-S 3=3

i i 3
El
1  ! . = .£ =r(m

I I

s .
M to 3 ao

m
3 B
K to

2  3 3 Q_ to

u, 3 2 :3-
5 - § c S ^

CLcn

Si
3

V )C

1re
re-i
8-

13
4<

■I? °
s i :

s ’ Kr r
TD

ICLre 5. dr

I I IH i
B R a

i iy, -o 
re O£1

rr »

I I
< re

Or<
■n
3
3

o 1
3

&3S
O o O

I l f^  re —•

M l
I I
P

to3 CL-a o
5"CL r

v> o
S I
3

|  5' §
era &)

% c na(/> re 
re" n
o' 3 
O

. Iq  =
TD to

cr»
3 
8CL

srg .

o'3in rere o

in
n1

2 .croS io3

£  3

n
v, "3*

l = „  

I I I  
f f 1

3
5erao v>

"*> to
3

3 0 3

I I I
3 £.8

E 3sr
re1V)T3
8

o’ 3
3 . aero re
°  3 °  5' 3

>
£

§ <re cro

to
11
§.% giii %

i l l
3

i l l• _re

V )

I  is
I I
I I
I I

g" 5. 9

i i i lO to 9
^  3

3

V )cro3

o S
crre

re3OQ

~o
3 .I I
I E3cro

~o 
3 
3"

I IIs
3. re

I r9  2 SC
Z  <
8 £

8 § 
a lre

Photo courtesy of the Mississippi Forestry Commission

!5||
-a a.re -uI I
n "
o' cl 
3 3g -a  
3 ?

3to
'<*

3CL
3-re
no3
G'
S'3to
3"
tore7T

C L  re

f i
3.

g"^
1 °

S7 3. m'

I h
K' s  tS

~ g  jf  3

o —cr re

R-ET3 re 
re o
q

: ;  s r il

r l

s63

3 %

T3

I. E
R II SL 5-

3 CLI I

n
SV)V)

E113n>

i t
=' 8 re - 
cl E-
o"o5 -i re 
Cl n re to
3 <

5 3 
8 
V )3-O3_
Z

I I
re 3

o R

o
§51re—t
“to
<■

o
3re

cros 5-8to re 3
3re to O

I I Ire

a.
I  q;
O to"

i-i-re oq

I I
►j* to
o "
3 -5CL re

si &=- &a —cro oU TC ^ '

i i i lcr rt o cro
s  s  s' o 
or s . s-33

I I I
V ) V )

2 , |  g
^  3 CL

m

i  5o cro
M- to Cl ^
O. to

o' -avi re re 3
£ -1're vi
to 3
V ) t o

CL 3
8 3

to 
8
£

toOO

11o cro
3 S.to croI I
r i 

f f
8.3

>
9 -2 .o3•crocr
to<

re cl
V ) —re cro
o Z  -a _ 
g o
-•OQ

H I  
H i

to
3 
3re re

8re

I I
'Q 'S m

S T "re o
3

3 8

s .cr O-
^ cr o_
4  R s '

„
re

i l l

3
3o<reO.
s
z
3-

T3
3CL3rere
9re
O ' T3 re 3

T 3  V )

I I
o

2 ,3to
9S<"
rt cro

33T3
O < re
2  o

i l l
3 - 9§_ to* cro

CL re q

g j  aZTcro vi

I I Icr 0  3^  3P v}
^*3 3-
5 B S'

i ! h
II Sr 2 , 1

E-§
a g

if8 Ev g.

TDrere
S'

9re
v>
to3CL
CLre
2-oXI

£ 9o CC
E g
E e  
S go "
S-g
5 |O re
9 3
8 3
3- ^
8 n CL 3.
3 S"
2  8

§ %*-: 2 . %

1  [ I I I  

I S
2 3 ' ^ reV )  .

% 2  3
3 . O to

3 5 9  - 3

m l- g r l .
o 9 - ?

3to-17Tre
G
to
3
to
g.
STcr

I IH cro

r!
cro
cr CL
3
CL Q-

2  5- E

—• to o
cro^'V

2
d <
2 cro'

I I

re o_ to re

f l3

f l l P ' P
E l 0!  53cro ^ 3 - 9  3-

3

CL ^  V)
3 g R

Q Zero 3 9cro

I IH =F 5 -a  % 5'
R.i< :

re
a -2

CL g oro z-re
3 8 re o

s  g- % # :  s '! ;  ^

IH I1 I1
to3CL a g o  c 3 o

3o
| e

m e g
3 .8 -3

to cro

111
3 « "

I
5"cro

o ^ o
^  9  r"

re — 
in re C Xcrx

3 3 -ft I

re re

I I
IS

reto
g
X
3cr _

Z o
5- G'

I I
re

cro o

to 9-3o- to fi
g g-K- 3 3

tocrc3CLto3
o
3x

3 £

4 f  

111
X xre re D. n. 
re re

G"< 
5 u. 3 •

^  3 gCL CS s l

3.
g - # - ;

X
3
9

S--~f5

I I !
E 3C = 5

vi 00
I  s  =K’

& e- 2- 8
K"2
e !

X

I .— Icrto

i
9CL
V )

to3
Z
r
3
r
o
3

9 C g = ^ 9 9
V )cto
^9

x

r  cro’
9 r
3 3
O 8

i l l
oG cro'to cr

ZG '
s =re
V )  V I 

“  C  O Q

r s  |
a  1— to

V )

&&
G' 3sj. re
3 3

| - ao n

;  =. R'
g - l  $

E E
E g

3 «
S

L .
■ E 5

V )  t o

f  Evi fi
2 ,B
9  cr

Exre
O
toCL
to’rere3

3
• X

- !  o reo 8
to >
9  —
^ n

l i
“ %
U> 3 
O' Cl

CTO
V )re
3re

8 9 o  re re 00 vi era re —•
— OQ

5 g-

CL '

I?
s  3

l ireV) u)

H

II
3 CL 3 r  o

% ^ S 3 %

S 1 1  I  |
o OQ 9  3 M

m ire vi a
o-w % 3fillre O 7 -><

= 3
3  & o 'S  a.

& E " S  g 5  &

Oil
3 to

x  5
^ ^-to 'g  y ^— c r^  re G 'o M a

to re

8 - s  5 %• s

3 V)

H .I I

V ) — •

Em

I .S ’
§ 3

I I
%•§

6 E l g . H ^

_ _ I ' g S 'g

I I E m i ;

—> C L  o c= a  vi —

(/> o o- o o ^ d
, E K :  3 ^M re
CJ* Vi 0  VI

8  8 SI Sr

f i l l
f i l l

s  8 3 |
_ 8 CL a  2

1 H3 5 'cro o 
9  9  9cro re re

^  9  ^  3
re •—

I r ,
s i "
h

! !
3
9

B « cr~

f f l i iO. 3 T. re

OQ
g^3* 3  0.

| S &
3 G' 2

i l l !
m 9  E s

1 1
s i #  g-

3
C L
V)

cr

M
anagem

ent of Forest H
abitat



.J- -q

i l l

2 %

i l l  I
V

00 -II
to «  

C C

i s  '&  s  i s
y  «

! i
CL •= 
1/ )  -Q 

<U 
t i

oo

S B
ty csE E

i i
15
i i

i i
i t

-5 u- 
«  o
CL U

=1
I I
V) <u

cy

_D
<U
C
cy to

V ^  GuO

-  gr-S
> 
o g

o 
u

2

9 §#

-  s
4JS'2

(U -5 

O C
n  «

cy

= i

I I
cy u

•t; d  T3

E e c
S  T3

•£ S

J l
s  I f j l  Z

__ c  v=  v oct? 
cy w cy v

i i
u  w 

c
CJE
00 
cy C 
cy

i i
cl c

N o
« ■ §

u
cu

O
-o
C
cy

1 -
a

cy 
> 
cu

a g
» '5

§ f

1 1

a  o

.. cu -O

I I !  1

2  cy d  T3

V IS 3 "
O

uL =

2  u

g) -  u

l ^ - s  

B 4 |  is o  Jg
°  O E g  O

00c

1£  £

= S a s  S

2 2

<u o  o

l i l
s  §
^  is

■£

3

-5S3
S ” ty u E 00 c: z=

1 1
1/1 i/i 

1/1
V) cu00 u
1 1

t f
8 -s

a - s

l i
v i -=

S .£
1 1
5 cn 
S3 "O

i i
v) cy

S  %

I Ic-S
_2 ^

f l

8  S ' #

C c  «-'

: : :

cyE
V
CL

.S 2 8 -=

2  00•£ S
o  E

y  D cy

I f !
g 2  g-

I J l
Vi Vi cy

,Z cu

So-5
cy ^

% ^

cy o

f l  a

V

N  CU
cc cz

aSfi*
3 £"5  §

m
5 i  -5E 0 2

3V)
C

21 1
w VI

E « J J
2  a eg 7=

cy 3  oc 00 m

E ;

i ! H
c « I  ^

V) >

.  ^  i
I e 1/1 

— cy w

%

a
J " - 5

" S 3

111
C S t 3

J

cu to

t l
I t
ET-E

-e  e

V 4J

^ o  .

s i
^  ^  a .

% Z * 

■a

3  c

E 8  %

^ 1
■£

Fl

.AX!cyX
»  S

■H
2  CJ

3

2 
o  U

c o 
” 3  $

a 'S

c X J  T!
• 3  li T3 cy

5 a  11

1 !
C
L)

Ic
cyE

15 15

l !

S > E
3 ^

54=3 S
=  3 5 1 3  

2  I  8 . 1

f i l l
cu cy ^3 u

E °P-a 32

H I
-a c2U)
u

x  
o <S ' #

2  .£ -c

1
—  D  LIJS E
S : ^  

j  iH

OO VJ

g f
a  g
00*vi

■C 3
3 >- 
u  cy 
u  X) .

o  *r 0
-g
c  cy o
^  E -D

l i !
% S'#
o  •= o

J  & 2 3
2  3  3  2

g -  sX n G o
V) O 'r  w — cy

i i i !
1 1 5 . 3

I I I !
3  8  3

J S l u s

°  E = i  J

cu.SA
>

i  i  iL

-a I: J3 &
o " S C

E ^ 8 . s i ! E ^

I r t ^  j 1 2 3r

"HI
c 3 J  o °-

I fCO U
u. «

■a g
> , u

i 5 ! « | r t i
| 1 «

«  <
§ E s00^

. 2 # # 5

*  °  ^  |  Tjl S

I I I

I s
l i l t

m u-o  00

& 3 % S
2 «  — w cy

obJ£

IS

11

t l
P

uospuca |nej XqD oioqj

00cy
ccy
E cy

_c

^  a ' o  
o

' H E

cy S -a O ^  H li
0 y  g -5

I I I  I
l » >=: o

§ B - E J

.s°is a  a

CO 5  O “■ 3 -c 00 =
' ^ 2  =

2  2

I I
11LU vi u 
C cy
S J J

n m n
E'g 5 sj-g-s 2

^ 0 .2

H i l l  i r
=  "E ,

^  g |
^  a o

0 - a  _g 
00 v -5 w

3- O ,_i O

3  2

LIXH
2  E J3 g # '

: i ! i
-3 % - i i :w r- ^

t o

8 ! !
I l l l
r  E ^  ^

m
i n

^  2  y

I I ;
&

d u E

.2 0 ”

* - 1 #

.m\«S aj!lP|!A\ puc qsij $ fl

&■§

1
g5

a

' s s l  J

§

‘S
ti3
’Eb
2
£

J2 (C & _
£ X - Z *  S
tE ^

i i

r i j
111

2  CO
-5 c

S E -

X Q

■Ih
2 £ £  

£ M £ x

I
00 u

T3V

c0

1
iZ
TOCJ
x

UC- CO

*L
c
cyco

i

1
§
LI
.£
CL

X
c
2

li in•E rn
^  cy
■S §

Hu
D CJ

K |

^  15

4c o u
2 

•<0

c o

i $
C Jcy

, ' c o

O_Cco
CO

-g2CO

Li
i ,
c  oO co

c
2CO
D
Ea

-o
V

c
jy
K.
c
D

cZ
0

1
■3

E
3

_o

u " §Z cy ^

111
l#3
2  0 2  

k. "OCU V
cZ cy
2

8  
>> 

o

& 2 ^

P
.£  "a

2  0  
h- <a

o
-C

coN
S
ul

coLI
C
oN

E
<z

E
J
2

c x
CJ CL

E v
O cu -a  > 00 co

"S E 2
I S - #

I
I
ccy

s

-z
‘K

£ B
LA N

S’
_o
15
0
oTO
'E
ou

T3
2

0

2cy
coIN
2
CZ)

CU00cyC
2TO

TOccy

1 D

si
CL

sr
-5

LI >
2

TOccy
I  2

I I

i f
-5 T3
2
*35

TO -v .5

I !(U u 
D P

O  co"

III
cocy
s

"2
x
&

l i

30cLILI
1LI-O
TO
"3O

11

% 2
« -5 - |  S i ̂E
CU O

c E to

0 3  o

TO 0 •-> CJ ^C TO c

1 1

I t ;
1 ^ 3

•33 2  2
«  «  "co

^  J

p
§ O

cy
*2
00cy
Ecy

H.£>1

8 1  e
- r a g

■B 8

TOCU —

1 1
x % ^

111
i l l

p ”

i l l  

I s !

0

LA

f

1CQ

1

. r
s
Q

N 0

E g

1 cZ JU

3  
3

j

o_c
2
2cy
2

S 8CL'Z
' J Jcy u

rELIX 
2

1

1
2

sE
#E00

! l
L) "O 
0 2

iS S  -



Photo by Paul Davidson

s r
Mcr
E
ET
V)

2
n"a

M
V)
V)on
E"
?»
CL

2
§

8a

n
a
r»c r
•-tr»
? r

2
a

CTO
r»

3
a

9 3 
S 5

3 =

i i
a gro

£ r
g 2
CL 2.a- s
5  09

M Li

S I

OO O
—i g  w

1 1 1

2 . ST =L

^  X R
o1- !  

9- 2- S

a 1
M|
S' r  R

-a QTQ O

III
m /—s <n
8 -g  B

ilH
3 3

VV

<‘ nli
% qn w

5

= " 3

I S 3

l l -3 3-

o

a. o

& § ^ 3
E g . 8  5 
§ S ; r §

^ cm ol
S ' 3c a.I!
V)II
3 5

1 1

S.g"II
f i
(Zi

S ■’
2 “

o S.

V)

O M

Bg.

Ik|
s  & :  g

Iri
R 2 g  9  
S s s  a
f»  V) VI

El

3 2 "5
R "  2.

pi
m 
n E- <n a  

n ^
s i

H

II

f lv Cl

r l

E

L, cm 
5" a. 
w cr 
3 " <

H

I I

5-3.
a. cl E-

^ 3
o3 rt

II;
H E 51

^ 3.R
3 - 0r» o

w3
CL
V
E
n
03
2
"O

o

ct"U  H

* r |

I

o*
E*n
7T

O'roto
-1

3roro
CL
V)

3ro3
to3
CL

n
O

3
■oto
M

3ro3
E

m to

Hc R
1 1

£r

q

V)
c

3" to

I I I
^  o

^ Qto ro

C
nT
CL

O3

OTDro
Ea.
o

g
V)a*
o
c

crro

5
CL

o
o
CL

63
3
r*
63
z.
O
3V)

13 to to— 00 cm
g g
H

g
V
E

B-qto
Em < ro3

4;
*-(82.
<

c

E.
'E

I
f sro <

3
to
%
CL

3
ro3
VI

I

G

aro3
3

B ’H
■o-
5"ro

TO

3
g-n
o'

63aCL

E*3
CL
to
2
V)

to
3

3to3»cmro
CL

3ft
s
63a
<R
Ia

in
s  s  S'

is CL 

8
^  ro q
O' r-. <
E" Bl’P!

S s R
£T FT m

Es 3
K 3 2

E l
ro
E’ §

S g

n
E
3to

i f
g'B 
ST-o 

o E o

3' B 00
V)

E3
CL

I f
3 B 
3 lcm v)- n
I IM O-

I I
I  3
3 =
CL 3
 ̂ I

S 3
CL CL V) a 5
E  S r a

ScS S'
X a- 2« w 3
E ’S ”

ro ro —

C/5-aro
a
—
n
3
(A

alro
E
3.
3
V)

HIE
ifhi

5.S 2L
Sr L  Er

s S §
CL G cm 

3 <
I k 'S

3.3

o roIFro M

ii
it—iT3 to to
B.°2

W 3
3? ro

5 #̂
B | - g

C? S’ o
c

ll
VIro ro

HI!E

2 "8 $

M
' K g

CL 3

IP
c% I- S‘ 

E S-8

o E g
ro 3 '
-g
§  B g
^  S BL
B  S S

* 1
_  r r  —ro

°  ^  
x %

IE
ro a. x 3 v 00 
=•

ron
ro
CL

to
roto
V)

Iro
s

E*n?r

r i

IFv o

E3
CL
V)

§-ro3
3to3&>

cm

5'cm

to nIIto to
3 a.
3-  t o  = 1 I5‘
8*
1

II

-a
3
<.
CLro
c r0

1 
E"3
CL

3*
O'
E
2r<’

;

3

V
_ to-
S-3ro a-
-  rn7TtoIs-
B “
2 So'
s 1 5-n roI!ro 1

zto

nC
V)crtoTJro
V)
3*Oc

a"ro

ro
toa.0

1
U)
n‘ro
to
3
CL

3to3
%
i3

c rroto ill

g  5m < 
ro 3 
tocm
ro 
CL

"3 ~

in
Ea
CL

3ro
V)

E3
CL
VI

v>a*

3
3

a

3 c 09. 3

3 5l§ro

5
v> CO

1 1
2  a

ro

to"
<O
to
crV)

<" ro no
3

o
a:ron
B
s
B
S'
S “3
§*■53ror>
B
3to
3

i  z  a  
I s  b
^ 3 %  
o'cm cm ro • ro

III
c l  c r o  p

J2 .S

toa
CL

3-
3ccm
v ro ■ ro , D-

'  a "cm

VI 3  to

II!—1 ' , r—2. g X 3 3 D-2.S- 
"S ^  ^ 3-5 z  3 o

Il;i
Hilllll

< 9
O' c
3‘ 3
to to
3 8to 3
S'E

fl
3 B
t o  V)• O

CP

3to
V)

c r  to ^  cl

£ £ r S  <^ to p ro

I s
9: E 
3 
%

n V- ^i|#
1ro S'

3

g'%
a  a  CL

to R cr

s s « 2
cc f  ST 2
ZoE R -

T3 a* 3  --4

o1n
g
3
3tox
3c
3
O'ro
5roro3v
Eg.

(A
(A

0
E

c1

III
a-^ E
ro as to

f f3 o3 D-
rt> Q 
Cl ^3

F

a*
o'
E

1 ‘* »r f

4-
ai ^

* ^  
i  '

Photo courtesy of the Mississippi Forestry Commission. Photo by Paul Davidson



§>

s
. £

2

e
©

. «  
z

I06<n
I

T
CD

I
cb.
S
■§.

i
c

U

Qt)
1
©
fi
«
s

1'S

h

i i
©  ^a, a

v  

£  

sE 
e  

u  
" e

s'

I
§V
t-s
M

idos a:

i
o
o

V
S’™
a;
■§S
COCO o.

Q ,

<* *3
%

x
X

1I
b .

s

i
a

s
«

i
I
I f
3 2
X  ■©i  S

in

Is

1
2 * 6

v
2Eco
£

5
of
B
>
■o 
o

I j
11

22

1
C/3
S

o
0

1
CD

2
CD

i

Is
©

V

M) 1
©E
i tE

«

s

MgC/3 CO

c
<

g
X
s

I

IrS
Q .

X

1

1
S

I
I
ak. •
1
ts
S
5
£

1
I

s
Cl.

2

m i

2 S0

J !
1Q_
2 '1

i
0
1s

1
_c
V -

.ie©
2
5
g
©
ys5
S5

IyxI

! 's s i

I
ta X
51

n
> a
S |
£ © y
3  a .§
I  ?  ts

I s

I I
O L. 
« £  
U Oflre e 
x 2
I I© y y x
91s
■ae©
ona
§
E

xEy
n
2a
yx
3©0
■oc©
X

1o

yy

1
©pKm
<3>
a
sv

k!iaE
iE
1©sf  s A «

O 6-

2
1 1
1 5
U U.
• d  a

.SP 2 f  2

V  XSc > 
I 3 
3) -a
El© •a

y

1f
x 
y
E
i - £

y © 

■§

sCO 
X

1  x3 «32 Soc p

y
gf,®9

E ©-a
y
p  ro
y •O 
x a

•8

I
2  • 
XaE
©

I i
<  p

!a  © y y x p

1.1
p - a

©

s
$y
8
3
X

1
2
©

£3
X8E
>
c

IQ.

X
2
3
X ©
1

!
2 o 
£

! I
•s ^

I f

8 . c

I I
• 1 1 1
^  X  £

r i

1 1

1

1 1
£  e
8

I
I
©

a  y•S 5 
S o
2 c i

S 2
y
© 1oo I
§  2  p  2

X

■&I©
■g©

: |
a#
I i

c©‘3
©o©
2
E
£
y

i i
2 o

V
x y v

S ' ©
x o% y

3
X 
X 
3

ii
3 © y ya

=  ! 
QC =
. E . &

1;
9  s

» 8

a  p  
oc -o e c

S «s
yu
©

#oin

i

CZV
=

©
a
©
a

is
2 I © © y —p
S'
s
!
52a
>»c
©

1y
y

€

Xa.

1
QC
.5

o c !
f S

E
©
X

!P  P

££d— ©
i
X
X
X
©

5-i
I I
”  c o ©

a l
! §
i !
1'S

65
c
CD

9

xy
I
iGfa
ae
©

1
2

g
I
©

co03

I

o©

I '©to

a-i—I CO

O A9@

|S 
E"x  oc
| I

a  c ©

I
1

E © ©
© 

C/3
y

i !
38

co
©

IS.
1!
U Q.



1
s a«>toCfl
itoco

s ?CT> Q
eP S’
I Ito CO

I I

1 &o to

| |  
S5 tt 
-5 coCO T3
o  a

 ̂S'a> co•o3toH
P
ero5

»

1
2. N

E l -
2 c
ISs §•to iCO Q.

I Ig s1
2 coQ. .ct

I I

I I :
«»■CO

IC6
5»
fte
ft

:#
§?■o

O"to2d"CO
s  s-s-

2GO

i t  
1 
I

8  “* a* to
Ico

3 to to 3a
# =

I IS

B- || £ 
2. ft

e I•* Q.

5 S 
'5 ereft ft

Ico to
3.

-o _1 83 5-
, ; i

ti!
& 8

to
&3"C
1
I0
1o3to
8O'to3ft
a

so0
1
3
1
33O
0
1
8
3
303
1ft3CO
1'

I I I
$ ST toto
1 1

«  I3

Im
i i

i i i00 o ft^ 5to <6 3 toa. x

f  §  
2. ft

to
h
H i
3 3 =

a ̂  3
a iS 'a ?
|  ^  crO ft ft A to to
1 1 1
% g 8

111ft, CO §
I Ift

0)
%
2 .ftCO
I
§
I '

3, 3
gCO I I•>

3 55

Sa ° * 3

i l l !
H  is@: :"O 3

IP S

£sjrtotoa
H

H  IO3ft
?C3
Cl

9
3c
%©c

= i r

h
I I

> ?

o
3

©

83
. 5&

C5
e

A
5

Q»m
83

e ■ x

I !
5  &
5  3

^  3ftc3
■ C ft 

to 3
3to
co
to3Q.
S 'ftO'toO'

I
^  I  

IIft
STto
O’
§?COgc
a
O'ft
•5"
2 .

I
3

3 —

i - itoft to

rftto
3

I
3
8a>
toO’
oe
O'
8
3
to3Q.

33
©
0

1
B©
©0©
1
©
3.

§
to

8 2  
© (to
5  •

5
8©
S'
(3©
3to
3
3to
w

I
3CO3

3 <
B B
8 8

»

I I I i
ft 2 toE to

11
8  2

I I

1$

* i
i i
E 5"ft «o ^ to

&ft-

I

2  5

I f
I !

s
. CD

n©s
83g

05
CD
83

S’
Sv>

0
ft
5
So*ft1toft3
5"(to
H3"ftgCO

111
^  8 
» 3

©

§} I ®
5 I

•Oft
I
Ia.toCO

3-(toft©3ftI
=r
c
3to3CO

COftftftIto3
3toa"

S’

3 3cCO
2.«r.

2to
gto3toft
*<

i s

I I
# ^77 to3a.

g©•a■a0
13

O'ft
8
3ft
STto
2
toftCl

3.

O'c
13
•B
to(toft5ST
8

to
g
co
I
15ft

2, o
o3
8

I *
»!(toftO'ft<P

i- 3
g g

to

toaco to

i !

to gI 1 .
f  ¥  ICO ^ CO
111
1 1 1£ c? -S’ft
l l

I I
&CO

8O'toCO

3to
w

mB 8 P 
E

to o ft c
1 sco 3 toC -9to

- ; !to3 
8

1 1
i i

t i f
5CO
ft"
i 1

to (tos =-

J l
m
< $ !; ;

sto3 IZT

3*
3toft03©
8c•o«<
33S'

to•3
I

TT3
1
&*
to
I
1

ii
3©

nI
a
8CO
ito3a
3to
E

I
I

03
8
§
g
2.

3ftft
CL03
03CftO'to03
I
a

I 8

$ i

03ftto

to
Sto
I

I I03 ft

I I
3 3
1 3

a  a

8 
I

&2.ft
13
s
7

? ft to 7
sft

r. B E© sr “
S 3Pw gto

to .-5
l l< ere

H
1 !

1 «•
toerefttog
ST

I©3ft

IO'
8*
I
3ft
03
Ito

f ' l  
“ I

to
&
8
g

INJ■JU1•O©cg03
5 ”
CD a

I  8(JB&©
gS??CO
• 3 ©

s

1 1  3 ft a. co 
03 ereto ft 3 Sa. ftto 8
E ^   ̂5 
S1 2. 
3 Y=

1 
5o

Ii

c-©c»to3toO'
I
I

"■ 1

ft3*p_
k

to
8
2

& B

I |
l l
a f
cr —I#

i i

i
i  s, I
-r tre

B
I
-SO'
c
3to3
8
3*

g
gto-7
2..

ft

t l
g s
I '5
03 to ft

B 3
8 8 ft O' to 3

3
O3
8O'ft to

s ift ©
8

i!3CO
c" *ft S’S'•§ g £B -0

| : r I03
% a to g 
cr "* 
8 #
3 i(<

i i

3©Q0
'B

i l l !
Eai i 5

&.-0 ft
a o s

I
_ §
1 1» s.

Ift
5  5ft to 03

’ - i tEgto p ft
S gCO ft
I I
e  g

I
S5CO ft5"
Ea-

Cl a

m :
J l lw ft 3

II#
B g  "• S i” 3 d- ro aill
ill
I  ° I

p ft ft to to o3 cto

IIp ft ft ft
l l

“ 1  p  ft
1to
Ito
I
a
B

ft
83ftto •

2 ftg aft *o
I i  « ̂  
l |
l l
I I

i f

P
7 1 
f t  CL ft ft
3- toto p3 |

8
c

1}
t  3

I !
1 1

s i
3 ere
1 ?
8  3

I I
03
Eto
o'3
23©©3ft
83
I
I7

p  toft =
S5 || g
g  o.
II
$i
ll
»ig03

sft
2H
g
to
3ft
I

8

S3

E3 ft3
I
'§
03

I-i Q.

I ta  pP" g
7  3

a  p

8
g
8
03gc

3ft to
a  a

i-.g
< 03
1 1  
8 3

I I
3ft

© to3 3a
s* 13

5  %
S i
l lS’. 

8 
Ba

i
3js; g

= =

S!ft ft
B Eg a

5ftp-©03
i
0
1
a

3C
Pft
a
B
p
8
3CO
g'

l i t
i l l

i ia «
I f
. M

€

ft
5
6  
3_ to >3%

I I I8 “ g 
gto

z
I3 ft ft

11

P
I
1ft
a 03
: :
8 "7

P
i r
8

5p
8

p
5 I
i i

i  ^ -g

A wto(Z)p© ere

I I
as?

g  “
tog

E e

^ o ? 3© ft
3 3E gft g
2. 3

I
5s«ato
9
;
5Pto
3
|
©
8

B
8

I

3s©
a
eift
ae©
3e
3Xmto
I
&©
1to
i
s

I Ito tox =
:  § 
s  g
&-5© 05 -fl o*
I Ito 3
I
X .

ft
8
p  -© to

vj 3
ft toto 3

I t3.»

I
St I

5
n
©
3
5
a



- w
U

g
e
y

S
©

©
"d
©

5

2
(U

- n

c3
(U

_ o

i
E_CJ

X )
2CL
> ,cr3
yuc
(U

(UCl
x
O)
3
O
>>

C l

U
J =

O

QJ
I
1
CL
3
2oo

- o
c
3
on

. 2
O

g

<L»
>
1)v:

2
3

o \
n
(No
O'co
n

sm

s
s
£

«g

l
=

SD
3

o
Cl
<o
SO
<N
V3

M

1
06

5=
2

I
I

<N
00
<N
r~

ti
gU

1 5

O l  =

£

< 3

i  rtlOl
—  o c

E2 m

1

j l
5JD tSl

H

C
E
a

£

111 

t r
U 1
n  -

c  u

D S
_  .3

I  |U C
so  u

>

i !
_§ 03

•S r  CO
S 
< 
c3 M
C L
C L

D

5|Si
^■s
2 0

si
>  * a

h
3  Ofi

l |
’l l

3

Cl00

%

<

1
a

Cl

2
3
C

s

H i
5 1 ' !
5 1

e

i  u I

c
3

a)
C/5
3

X )
<D

■£

5
- £
-o
u33
C
u
£
Eo
U
2

^ t
to
3
<U

■£ S

bti

l !
jh
* - O <u J3
■8 I

o  

1)
•£
>,

<D
■8

l£

1
3
U  

X )  

u  
<D

33

1
( U

=2

11
3  2

X  W

g
.s i
§ . e2

c  -6
O  1)

p
S I<u bo

- 5  -

E £
■§1

(D
X
U  V5
3  1)

I !

i l
1 -a
2  i

1 !
QJ 3
(2 -S
CO 3 3

i l
CL
E
£
on
3O

X

1

E
o
u

Owo
00
c

(U
( 2

o
2
0 0
c
cr
3

2
3
3
O
> ,

3  C
V 5 t u
•„ X

0 0

14
S  o .

% £ 
- a  g  
00 <u

. £  3
3 3  e

1 1

■s 15

3
3

2
x

3 3
C
3

3

X
o

. 3  3

§
0
cZ 3

I I
I f
3 3  " 2

1 .E

n 2  s- o  «

I I
§  =  
o

3

£
2
3
1—
(DU

3 3

V

oo o c  o

I I
3 3
0)

a>
(U

3 3
3 3
—
5

2

f

3 3
<D

< 2

3

OJE
j j

3
X
U
-u
£
ooc

'S
1)
-2
33
V
£

' o
C/5
<uCL
>»

c

§
E
o

> ,c
3
£

<u

1
£tu
£o

X

E

&

C  X

l iC/5
00c

§ I
S  E
3  <Uf: -S

3  
>  
3
C/5
<U 
O
>  
4) 

3 3

3

^1
11
2  2
X  2
<u <u

2
3
O

c
2  c 
o

•— CJ

8 S
E  - c

d i
§■  o  “

1  1
X
l.  33
o  g

3

tux

i iL- (U
O  X

- i  'B  

a

o
X

. l , §
O u

u
X
H

o x

E ^
uCl

c
3

V5

2o
tn
3 3
tU

O  
u  

2

1 1
g  ■£

3 3  O

1

i i

I !
1 1

X  X

E 
2  x  x

5 2on Clc u
0 0  3

i  Jl

'- '5 , - 0  e  oo 3 c

11

u 
2  L-c
3O

P
oo

3 .£
tu
>
u
2

L= <U



a

= 1 1

I I I
I ' l l

g § a*c

B ' l
o -

S § g-
n  n  vi

: : s

m
n ^ -

o*< 8?r

m
CD

^3

crO)
c:Q.
< .na>

-* cr o* ai

3n
■u
8
B
n

o3
a*m3
3

3"3
<
rc

-O cr o>
3 —

re
Q-
gCTOa>

fD
85
S

X £.
re 3

: !

I l

o
CTmoo
3n>

-h _
"O "<

CTa»

o0C

1

CL

o  re cr s
sCL

S3 C
ocr3

3 

O %
3

00

rZ-

cr 
a> ^Cl CT
- .  re3

< I
3 3 CTO

O
3*
re

C

CL O 3 c  3^  £ 
re ; -
3  re 3 "

re
oooo
CL

n vi
o - gV) t:re
cl aCl

re 3
3 3-

5-̂ c
cCL00

3
I  -a
h |a cl

i l l
I!

< ^  re fv>

ooc3
5
33O7Trc
rrre
3

' 3
>

3- =L
o Sd. << 3 re 3 cc 
cl re

2 .

n
V23

S?n
55*3
s

CL
3
3300re

O3
3*Oc

3

* < 3  2 .

3
00

3

3
3

n
o3nO
a3 -

33CL s33
333«<

7

m3 vo
n

^  5= "

U - #
2  5*3 croa %
o3

9.3
re

_  re -r 
“  3 TD

E 5 §

I I I
cr o  •<

l i i

3 c
§=§
3  *

0 3
1 r
3

O 003 O »<

n3 00

I I
Lfl

I-

c
3reCL

reO3
3
i t
"o 3

>< g
S i.
a  9 •>< 3

B ' i

I f

2 3
l i
S' K

<T 3re cr qo 3  
3  re

ty> -o  ct* v>

00 =• —

a "S

S-S

o

re re

l i
I Ire **■

O-are3

C33
<O
a
O"

^4CL re 
9  re

O re -h Cl

3
a

C  cr.

r rre
are

o  hr

a  §
3

00

33-

crc
3
3

-ao
fe3

3
00 O'

S 3re oo 3* 3

o  g

S ' ^

#- 8

B  S  S.

—. v:

IF
I I I3 - 3

w
85 i s

*  Scr re

Cl 3
o o

33

3
00

3 2.
8rr

3:re
S* re'

cr

V)Oc
3.3

00

re —
r3

2  00 rsCl crq 
C

areD.
s '

d3_
reCL

re ooCL

3.
g" 5‘^  3 O

CLrere3

are

fe"
3
oV5
reO
3
3o3

re
o3
33

332

O“̂5

reCL
crre

aoCL
"U
o

a<33
3

%g3

3

3crc3CL33rere

85
S
a
w
85
C/2

3
8*- ^  
re c

aoCL

53

Ire

T
are77 I

crre

3 33 00 3 3 00 re

O“3
o '3

CLre
re

33
C
3

a a

a #  >
S <

^ 3 ^

HI
'1 S' B3 3

I I3

I
I  I

3 * 5 '
o. 3 09
i l l

5 ' i
re

a
eo

o 5-X Of
11
00 ^

p V)
6 £ o CL o c

ill
6  3

v) o
3  3

VI

ICL
V5

I . -

35

I

Cl'-C
(TO S'Cl

O crre

E? !  9  E -p
^  3

3  oo CL 77 vi

77re
3^
5"00

re v
65  V5

i  $

aO
2 CL oo  a

<recr

re

11
a  §< re

I ICL
CLre

r

m



EhS-2

Q z M n S l

UEEUW%(p%|̂ |QB%|

t=

y
m
m
yy

! : l
5 m

h

cu_a

u 
(0 
01 
60
jg

15
«U °
5 §
o  E 
t> §_o g
E oj<u ^

01
E 2O ro
« &■■“ Q.
2 "g .
Q; dti Ol

" I s
V3 E ■«

— U J=

01Emz

%o>
-o*o
<

T3Cm

1

01
E3C
0)co_cQ_

0)£

oo

omw

in(Nw

*o01

vc0J
■HcDoE
<

= c °
11
y | o

°  1 =

1 1 1
J5 c >«

ill
111 
C 01 3 
0 ) >  ^

p i
i?S

8 l |
! P

1110> q; "O
i  = §£ i! u
Q. ^  ^

^ 5
cvi O

mE
.S'
<uV
ito
<ux:•H
t!ro■Hcou
vroOf
rsi
w

OOVVV CO coOf.c
+■»

E
s
Si c ro Of
i ins w

SI.
h- 2 Z2 Of J3E

*  a  a  
E +3 Of 
b j>  %

Of u
£ -2  VI QOf O
uuCO ^  CO Q.

E

S
0

1
I
M
5d

3ee

rsl

I
S tf 
5  3>

1 1

2 ^

<5
I
%
l
%



§ g g  s> ?
8T
2ft CO

3 I  ire cr

3
4  
2

1
p

f i s s 2.
8"3 1

5-
C/3

I
S

2
C/3

1

CO
F

is
1

r
§

r
r

D.
ti
C/3r
I

Dn

I

I
r
s
i-
C/3C
F
F

CC/3

I I I ® ! * ! ! 1

I—.

n

F
sr
o'

S

3
5
E

i

1
C/3

I
I
I

□
i
C/3
u

l"
8

&

5
S-

COo

9

?n
9  p  j  ^  r<• ?§ 03 ̂ 2

4
00K)

&

2
e
3

21
S-
no
1.

!•

i "Irt

i
i

“ C f E

i E i i H n n
■s  -  -  § -3 R.h

Z l k P
%
I
I'

g ^-3 
8

I
B.O3

I
dd

L

I
P  ^

I

I

'5“
§-

i

no
3

s.
.2 I

P
§

i r i

I I

I f t

:
s
>

Bi ^

r i  00 00 
P 5 

<8 
S-q

H

5
3
i

COCO
nn

IO'
B
cr
f t

1
&■
%
&•
4
2 3 
=r 
JL tT

1
§

•c
e
2 .XIeftM3
CL

I
1 .m

1
8
3
I
3

o

I

COCOnn
o
§C.
§
2

IR3 
l l
15
8 Sx>
%'F a

l l s

i n

it!
S-S.S
3 S

Q. ^

I
I

n -o
F
3

_ a>z- o =  
cr 5 -o
S % 5 .

B-

l !
1 =
3-1

F i
-  B-
^ sr y 

o |
i  ^ 
" I

to
F
§
CL

2. C.09
R rt 5 -
s r r -

g : g -

l r

CO rt

i i
2 3 :

El
5* 2^

1 1

Jo>-n
g-

B- 
1 
3
f t

S '5 ^

11
i f 1'
2.00

I  I I
o  O  * “-*t w, a
g g s :

3
C l

n

i f

CO CO
n

S - n

f t  a -

I I
^ g- 
g :

I I
2 cr

11

t l
D .  %

i i

11
§

3
Cl

5*
b>

i
s*
3
3

s .

§

II
“  n

si
f l  

11 

S i
3  1
g N .

^  o

1
f t

1=
13 .

f t I
S "

3

• 3

1
11

i t  
I Icr 3
2 2f

11C.oo
§

dd



a

I

I

3

u  g  2  ^
«  o  ™ 2

1
8 .S-8 -S 8

. 1  » i

e  1 1 1  ^ i - s
S '#  8 § & # %

£  c  °  *>
> .5 -S

i  i i t  l a 1.
O  - -  ”  v  y  03  O

I S l U i l  

l i j i l l !
•5b 2  o

I t
e  §

t i l l

-O
22

l l

i  p

y H-

l z
=  - O

vT

I
t o * *

1 1 1  T3 *0 CC C «  «

1 1

5

I -5

I  1

> -S

l |
s  s  ^

I
z

n

= i i  S

O  3

E
J :

2

"5

I

1
y

1
C

y w kT

H - S a

H i t ! !

8 ^

I I . ,

DC 2

m i Hv
V3

§ . ^ ■ 2

s - p
‘ i l l !  I !

U l i

i
C -Q «

1  «  I .

I l l
S  2  g

f l l i

1 1 1

S 'i - s

y

si
22 12

I

220

i l l !

f l

i l Hy  «  y  >-,X> C C Z

y jA

i l l
.5  °_ o

S 2  ■ 2 2 y e
§ 1 -g 82 b E u

i i
•= t-T

2-S5 8 S Sx.S-S S

O -o
§ =

i i

! ■

i t

S -i

§ l l

i l l .
8 :  * a

> 2 - 5 ' e
- g ^  a - -

I I I

■ | 8

I I I

s
V

£

I

g. 2

• H

! l l |
> 8
«  e

t i l l 8 4

M g

S 2

a ? a

e "8 U Lw

i  I  a s E £ l

s-ix r a  g

.£
JS«E
- o

1u

I ;
i i

-  e - f  s
?  i

i l i

I s i l l i s
«  ^  o  y  o

y °  u £2 "  ”o-SI«2 g 
|  2

1I r i l l I

t i l l^  C u
2  8 S

l l
o  y

•£3 J2

22 „ 
« "5 
B o

VI

g

1
V

f 1u

y  xs

l ! (

8

y

i l l
C f e

05 
c  
2

u-
O

° t l

^  g f

l i t

. 5 . 2

I i  l i - s

..E Eto-a 2
E l l •a  _«

4 t j
V %r2

c
0

1  « 
-ay
-o
•>

I

I I -

2  8

a ^ o O  
•a o  -—1
”  "  ^  B u  -"3 «

s i l l
E -S'

i l l

y
a ^ hy  ‘3  ~  vj —

I I IV! «  U
O

S iS

n . . . .
i ^ . r i

c  -a

. y  y  „n

«
tf
8
I_c

c i l
<B v  to

22
8
8

.2-5

xs _
y  - a

c
a s-g.

J

i l t l

§ 8
■*■5

U t i l ,

f lvf

« E 
q . c j

Exi
Ey
E
to

.5 5?22 2 y co
:  s  *13

l i l i f
v  --a %

. i i

1 1
s D
y  y  O J2 JD -O

H

<+, to
S  E
O £

1 1

i i
I sy
c  o« -Q
u  2

5 ^

H

u
E

i ®

I i

>, «  52 ^3

0

1
s

HT3

S 5
■s-S

i s
& g

S-i
• p - l

§

-5
' i

8 " 5
^ -5  J

§  
v  S3

>
•o
3  . 
y  XJ 
X "

O XI

I -5
u  V

f a
1 * 5

w  
y

J i l t s

S

l l  
%

c  <*-

§

to
l - s i

Ji-SJ5gg*8^-S-f-S3.fflOfi-S«^a

I I

g  #  ^  s i

I I I  I
ECL

2 
g
E 
•£

2 ^

^ 5  
= §

V

E g |o  «  «

1 1 1
• P
k  c

s  e K g
> .s  r §  I ' g s s |

m S-K -a

o  X  X3 
C -O 3  3 
” 2 2 8

>  v  y

o  o % r  > 
^ 8 2 _ s^
2  «  y  iT

M -g 2  §  -  -
^ 0 3 2 o .0 2 3 c

Hi
I  ^

u f  fey  Cl v

j f i

I t  111 I f  I
B : 3 S b 5 * & 8

1  f l

m
8
0

1

It 5 1

. 2

«  it:

I  I
W 8
C 8

<-4-
O

g - 3  
o  8

I I

y

i , I
8. ^  &  
y  ts 2

111V V
2 2

f  H f i  I

i p  i l l
o

i
E

1 1 y

c  g _ ^ g .E

H
c  c/3 o  -o o  xj o  -o

Mil
liifl

v  w 3
2 &"5« y 13
I -  S

i l i ̂ y >%%’S g
C 3  "3

e  g ^ 5 y

§ H 1
52 y  3=

22 cl̂
S s j ; J

^  CO

l - i ' l l

H I

uospiAeo ined Aq osogd

r̂ -i

O



4̂

e f i  uri hit
5 2 ^  2

cr 2* <'<§ ?  r- 2

o ^

ill]
o

=rm
CO
COnn
=r
V)

I
3 ^  
3 3

l i l S 111115=

mmw
§ n §
o ’ 3 r d

=  8 9

tW 'J

Photo by Paul Davidson

m

5 -2

I S

f i l l

s - d
S' 3 Sg-S:

5 ' Sis
B

3 8
5^2.
f t  Cf»

If

Sit!!}!
§ S' 

3 ^  2 - EP
=F2 R '#  8

1 1 1o

OHI!.
Hi

H I
5. § S "o o c

< 3 O'0q
i

8 1

W O 3.

lilt!

»
1
g-

Ii?
8- §

i - i  i  b IS S: *
5. d-tc5 ?  5 P :

b  gNi a
3X

- ^ 3 5  
« y .
§ : §n ^  E-

V) 61 f t  vi

S 3  c-%o. a. o  ft
5 *§ O. B-

i - 5-

i l l
1 5-Sft a.

1
.TO

HIM-, V) 6)

E l l

1

Pi

i l i a  i
n  w f t  *  - - 0 . * 5

g-w
3 o ' o- S 
8*8 ^ 8  

5 -3
H

n .

n
nil

H i
2 n 1 = 3

£ s .  s  a

C 3 ?
3cr

§*
CO 5

I s
. c r l ^ -

o1!

2 2

H
B. “

05
05
n
n

r

to  
V3

5
1 3

8*1 
O. 3t

II

iffiii

i-  S .  f t r- C

S3 8ft f t

F I -
n'cjq

ill Il i i i i f

s
1 1

II

3 O.
5‘Oq
3 
ft

1 “
E%-
“  3

I ' l l '  
S I -

g-S" 
p S- d

S - q g

. 3" “

5-(t ^
CO o 
05 ft

R e -
E l  
I

S -£

2. a . 3Cl
CLs

— • ^ w 13 ft 
3  '-a — •

1
I  2 &5 - 2 .3

1 1 1

I r l0=) 1

Els
O CL

B 3
CL ft

s g  g-§: g 5
S' S’ era <
£ =

- I  61—II I j
3

5-S*

ii
i
o
ft

"2cr

-a
3

2  P3
R 2-

ig§§i
s  rrr

0 5
Cdnn
V )
f tI
3

t1
2
SL

f
8

3 - 0  3  3 “
2  !  s  §

HH5-3

o w

1 1

1 5
-  a - i " |
S tS 'S  FL
1 3  1-^

I I I I
I  3

3"0era o. 
* 1  
2 2

ilH' T

3) &>
3 3

fl
SI

r1

cr
ft
J»
01
3
CL

I

It
ft 3  
61 O  
-1 ft

•C

I
ill

F "
3 &rs
3 S’V)

I l i i i l
a  21 o 1 sr

m i l l
c . “ c r o - s ;"
o  <  2  O F  R

" If
3

if
K ‘ 3 *

-g gT3 vi
H
i 8

I f !

I ?

o 1 9

mno
m

5 §:

, n
2 .B  ^  
? 5 ' 3

=r
Bh

8-S 
>1  
r

3 F i  
#:8 
cr “s

H i l l
5 ’

M a  8

2 ? -9

■ — - 3* S '

R S, a- “ ^
2

°  3  h

3
CL

3
r7 II

- = c Ou-3 R

H i f  H I

cr a-
ft ft

III
ft f t  o
± S - »

Hi
F  ST ir
“ 5 32 . cref 

61 

V>

| 1

3 I!f
2

3era

9*8
2 . 3

3 .1n
3
Cl

1
era < •

61

I f
9-Brg 8"%

“  61

I I
■  3 C O

« & 2  
5- 5-
f l  y

2

i l l
g-= r *

5 “
ft
o
3

I S
■ riff7 3

%n 5
5 - f
5* -nnc E%
g g-Eg.

f i l l

2 3 ^ 5 'nil
era

^  S-5-0 0 "

m
S e^
-t f t

T M  
ft 05 
cr O8 n

If
Cl



1
<u

PQ

B
<u

<4H
o

t i
0

1
u
0
</>

1

c
o

’«  u

I-
C g S

S. 2
«  M

s Iu O 
n

s
-O

o  
c  

«  c

I f

s !•s 0
S
l l

- v c

'5 il
i #

8
> I  S 

f  S 'E 
 ̂= I*

i i l i i i l i i l l t i f i

S i l i P l l

m  S  ^  - 5  U  - f

0
-
s
V )

•5
S
Q .
8

I
C r

HL
• O r i vi aE u «s *-> ̂39

o

3 S i

I
ht- Cu

I! K
i i

" 1
U-.
Tl"

oP3
d
Cm

ty-i
o
IN
o

_ c
CM

- a
c
«

2

0

1
&

Is 
8

p l i
U Y

o

§
O '
00
O '00
o
r ~

A n0) IA,
bo no 3
0  

05

1 
«  

CO -i

1
CL
u

Q

2  
2

|  s

y
PI -5 
^ Z

1 1
f l l

V ) < N

g g
H —

NOiir~~ -o

B l
^  a .

uospiAea ined Aq ojolij

i l i i
i s i f i ®

= 5 l i i i f

i r
I P
bo «

S

ri Nil l!||
00



»  co »  cr.

i m

n
R"3 _
-5 g-4

f f i i f
y:$l

• i - nn G "
oV.  8
o
3B.
§

M

i i U in  -

i l l

I
3

1

■is
O 3

8 Q3 O

H

I IFIl l r i r ?
* 3

§-8 c

1 ]
V) Q-
g* 3 
!  “

a. i 3
P P s  

p 3

l o

n  — ft <1 CT d» a. o. b; « T3

» i | i i s

I f

! !cr
?3sr
3Cl

3w
<3

U C C °  3
C/5 Crt

I l i l l F
- i i - i

5- 2

I
to 65 "O
B S.S
§.g

! i i i
Photo by Paul Davidson

S / ' _

2 - | l p i s
D -  f t

i-1 R I* o 2

m m
P i l r

-31'

I !
I i
n

t !
3
3
f t

i l l
S.s

5 -0
3 -a

to

eT3
8*1 i ^

s5
3

I
5
8*

£

1
s
8_
5"-i
a.
8err3crq

=■ ©

5 cr -i ft to cr

u ^ i ;
m V .

l : r : !
i m t
i H S!

S ' ^ l l ^ g g g .R n.3
3  f t  f t

I I I

si1to g

iii

5- «•
V)

CL

5- 3.

sis:
I I I 1 
% &% 

n Oto
to

H i
I sto 653

CL

i-to

I I I ?  N

% #

.. r s I
- r  n -  CLOQto ^ « ft-r, CL 3  Ct_

t i l l
$ n m^ ft ft

I f  b  
l i l t
»  2 o

a  2ft o

c.
s

2 .
Clto

9' 2 .

:  s,

9T3to3
CL

S'oq
5-ft
cr
2>-*

r  J
m i

■a
8

cr
2

"4 C

2 I  ^
i l l
"" a

5- 3ft

B0
1
|
oq
5*

H I
S. 5-

if

5-ft

b
a f

to ft 
3 CL 
Cl o0
3 
■g3 X

1

2 2

I fO Oq
“ S‘

R &

. 1

i
m' 7

§4

i i I
3

3_

is
ii

O to 
CL 3
65 Q.
g.«

S-dq 
fl

CL to

I: ^  F 1
§ 2 ^  5-

I  I f  i

Plf

>

H
2 o

fisl
1

s: o

m m
2 -3  ^

2S-
&
n

s3
crftOq

“ ft

It
»

i f
r-s

2 q ^
8 . 8  5
ft

Hto i3

H i
5 -5  -ft Q- 
65 to

I f
I I6S I V)

Ic.to—
3
to 
CL 
ft

5-ft 
CL

_  ft•“  G.

!■.§
; s
2 "5
Cl  f tft -a
CL to

5

Q $

i t
I I

‘S 5-

r  5

S I
# B.
S-l-
u
I  goq q.

1Cl

*oft

n «

1-3
H i l l i
O "3 3 m ft m

a. a. ro" O

ft

l l

Hi
ii!

2. 2.^

iV)
O
0
S3
r tn>
CL
w

1
rsrs

f
rt
0

1

p
CL

S»



N
E

W
S

L
E

T
T

E
R

 
*

r
 

•

uosjapuv uoq

IT)CN
OX

I  s i

u
<u

I

s

a

IK !

Ill
i f !sE

wiT± o

2  % 2 '5

I

~ c
r §u

c o
to E

i  8 3  
-  % s ( -
E 3  £ c

” o (j

u~ O
S2OJ

111
- § |  “
V) <

CL
CL

8 S

s : i L
S :! "  =Z 2  

f -5 I  S

= h

5
r r

*5 
e £
u czi
I d

-^2 
I I  „

w- oj u e

-O* J
*8 -5i-.s 
s  ^V)«

-25
I  E 
io .
r r

lo JC
wo

III  I  

SI
I Ia
u

vi > 
^  2

I f

! !

cc•c2c
2-oU

I  |

!!!
m
S u eE

<

<us
re -O 'O

1y y U "U

I E.S 2HD o 3  y
I I I !
2  2 8-5

s  g 'S

] i i |
 ̂re ̂

K J i
Mil
I I

s
1

0

1
oufid
§

s
%  (j;

I !
s l

&(0CL
1
&£
8
IiUUd



2
a.

Qci
S r

1 - 1
2*1
I f

li
! i

CL
ft
Cu

£ft
Cl

Is
| 6

i r
1 1  

3 I' 
e
g

3ft

?

r
i

s.os
n
§
g
s

IF
w PO 00 o

rd£_
o o

*

S s
' J
ooohj

n
3tsj "* 

VI O
o
o
5.
S'

n 4 H z na
g*

ft
•3

0
1 •<

y
!•

y
• f

03 y 73 3 Oft
3 § M •. cr hO 0 1

is 3 o 3.s_ 3• • RT 3-
. s 3

5*
03 ft

H

> !

r lM ft

H
g59

C
r i :sr> 5  

^  S -

SiQ-=r
?T
C/3

I
ft

“ 5
I #

C lM3Cl
2?
|
8*

a ?
iS 2>
^ 5 "

1

E
S'
o

"S

?
f
r«
CO
5"3
«
n
§a

1
V3
ccr

I
g
3ft

C/3
1 . 0

I f

5
s '

c

cr
B.

S .

c
q

*<
r

r
D-
B" 

crq .
C/3
c?r
0

1
i 'ft

I
cn  o

5 ^  | i

f t
> 5

-8
o
?
g

n
0
3

1

I

ft_
g -

3

Pd
8
2
i-
on

§*n
O
S
I .

Rft

ij
ft o-

Z%
I
ft

o

nF
X
3
3ft
|

3^
O '

a.
o
3to
3
CL
M
CL
c
2c.
§

IF

1
a.
o
3

r3
co
M

j r

o r

S'
I

CJQft
s
3

C/3

f
3

3

V S '
g-K
§ 1 .
I I

2

4
n
3

3
8 .
o
3

oto

Oft
3
3

$
ft

9«_

rl
St

n
o

I
CO
o
c
=L
w
3Cl

5
ft
ncr
2 .

n

ft O'

5
3*
y

03
0

1 
?  
O
3 "

Oft ft
^ 3

Io
3
—  03

> g

s*
3CL

ft

1  =

SI
no
3

*S
<3

5 —  *

I I P :
a s  1  8.

S |

d !  b



V

h
- o

I
feb

• >  

«

i
y
V I

S
u  
u
oa 
c a

t
bg
ti

§

ts
u

C
0

«

1

H
y

•£

I
o

- a
e

22 J2
I -6
£2 S
V I U 5

O
g
y

•6

£ 1

y
i  s
i !

V )
«

J =

u
u
eo
ca
y

h

5 r
«y
C
v
V

-Q

C
V)
M

- C

M
i l l
M l
H i
"5

8  < c  • «
^  y  

y  i— y

s *
§1

5^1
g N -5
t u  • «  &  

^ 22 2

n
r :
i l

■S EC E

3

8

ii
iiii
3  B

j a  . «  

y  "a
• s  >•

o  o

CL l_
£ S
v. -O 

SO y

Ml
§8s
B j f g

i l  i
Q 1 8

I «

«  «  p

ii
ii
§ - i «
S 2

. 5  ' %

1  - 5

111̂ ti 1

IIIin
# -

«  2  -0  S§ s
y
5S  £  E

l i P
u y 
y *S
1 §
y  T3

Q . w

§ e 

: !
■ a  c  ms 8JS1 8 S t  .2

O .2

Ii

i

1 1
2  -SilII
o  .
•S VI

I I
l l

I I I .
S * J ! £
y  V5 w

- E  o  2  ' o

^  E .s
c  

_ o

2 
g  
E

!?’

z ,

*K

S  -5

Ii
%E!y 3 y

s i i i
mm
’  H i

§ i

t I I ! i l
. i  E  «  -E  S  y

m  81
c  y  • —

y
- O

s
8

1 |  I  E

s J U ' s  8

•C T3 2 ^3 5 S Jg

i l l ?
U vi

I I

os
§ . E J 5  

.E  3  «
y  O -C

- E .- C

2 E 
*5 »

«  - c
CL k

l & i  s
S. S 3 .-3

W  j3 T3 ^

Ml
U f l
3 3 i*. y 

LT) C/5 O CO

2 y  w
g 150 s 

w 
y w  _ c

y S  
£ >  v 

§
8 % ^

o Go «

>

‘bb c
o 3

•3 1C ^  -g
« -c -g >  j f  * 
c . 9  8 1 2  g-

 ̂§35-0 #5

1 H .
1  » . s SE U uc .
a  s  u aEi g

Mil
2 C % 2

ill!
8  w s  - s

U >,
r  i «

■3

-o J2

I I  °

SJS-S
3  

■3

> x  b bc c. 3  n  

3
. -  E  § u  c  V  t2 -

1 S H I  -s
:iisi n ,  

g lH ;o U c « o
8 2  e 8 "=

I I
C2 Ss

2

1 2

g BO 
E  2 8 I

M il l
i
S b ca
y ca
t ly

< 1

s

I
I is
y E E 

§•
° • "y

e £

111
us 5 &;

c tc
I I
bn vi

i l l l  111

1 1 1

s
I l i l i l

m i l '

° £

i
“  «  Q . _

" U
E

&K1
i ' o ' S  
E =  .s 
8 " E

S C 8B i  si I
°  cK ' S °

l i l P i l f lEB
H.-s £ 3 I j'S ^  « 2 -o E

£y
;  g-g

i l
11
^  |  
Cl 
<
S  J=  «  u

18 
_C C

2  *5 x

S'r ̂

h

• § 1  
jC « bo u

II III
g - k o  -

j = b - ^ "  
g )  g  8

I I

y  "3

11 
V  

• 3  
> ,  
C 
«E

= E
o
ye

O II
g .

J O

&

*3
_ C

■s

5
_ o

§ S
Cl  y  >  
CL C L3

i l l
O  O

8 S

¥ Sy 13

i i
c
2
&

■5 S
b o  " 5  c i£

h

B1
03
cag

- c  V!  ■ £

8c 
•K

O - S  g&2 K

g-S
-E z=
y . 

- s  > x

J  «
(3 y bo

^  « y -C - Mbo c res J ^
- 5 ^ 8
i 5 - S |

i
H I

Iy -o
•E c
og: a

c - E

1 - 5  5

c

3l l l
CL n

I I
« §

i n

i i
*> bb-E 5J n « u 

vf 8  2
8 N.S

g s  Ej 0 1  a  s ' : I

U  y g g 
ca > 2 y

I  i s5
l i < r
-E =

2 ^

vi U
§ 5 5

” 'C 2  'o
2  ”  y  y

p i

§1

% S -i

E ° Sd ̂ V5
°  ^  8 y g

y g  .E

El':"(3 y
_c

8-5

2

III!•p tc o TO

I
-Q y y 2g-ss %

If ill
I(||!
i i 8 ! 2
1 - 5 - 2  1 1  

I  S ’ o  5  E

§1

bo 3  c u
r  «
- a  c

s  S
s * l
«  B O

.S S-y

i f !
S  M i

i  |  s
> C

5 Qtftn .2

# !  
4 1  n i

cd
o

ts
o

&
t i

* 1 3

43
3^ u c/)u
*  t f

ft.SP

c5
u

PQ

i i
2 -g,

5
o

J

8

l ^ i : s
•§1
i l

1 1
2

boc
'5

! i
2 o

I i

3
C

h
v; 22

|J
g 22y u
S f

5
O

E
c  
*c

t  i fO  vi 
CL u  CL «

I

«

1 1

o  —  rsi <n 
3- r-j

=  3
s -

i l

1 1 

I l F

OOoCb
00o00or- —

5s„ i y Ubbo O

as
c 
2 
ca "a.

rj-oU-,

g
|

TO
CLy

a

4  a

bE z

S 3

I I !_ ^  so

O' C  §  

(2 D.

•- CL
■£
o

J 3
£-id

E  ^

-5

i l  
H

^  . s

I !
%  
o  E

- 3
O
bo

y
-5

22

8 £  y
v
-5
y-
O

c 
c  

«  3  
3  2
% s
3 8

O

Hi
*3 TO o

s £ £
l i l
i nO  U  L.

!!!
g % «

11 TO
- E  g -

§!
H
u  _2
E 
o  
c 
o  u

*2
<2

=  - S« bo 
£  3

U *3

"3  
0 
O

,1
.2 U

5  8 u

 ̂  ̂-S

Hi
2  %  J= 
8 £ 2

L l
1 #
■s -C 8

hi
E  -2

Hi
o  g  S

i r

-5

y

• | q

^  - S

I  &

I I
t lo
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James H . Jenkins, Jr. 
Secretazy

Department of Wildlife and Fisheries 
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

January 28,1998

M.J. "Mike" Foster, Jr. 
Governor

Mr. Thomas M. Gattle, Jr.
Commissioner
Route 1, Box 40
Lake Providence, LA 71254

Mr. Daniel Babin 
Commissioner 
105 Lewald Drive 
Houma, LA 70360

Mr. Jerald Hanchey 
Commissioner 
101 Eton Circle 
Lafayette, LA 70508

Mr. Norman McCall 
Commissioner 
Post Office Box 102 
Cameron, LA 70631

Mr. Thomas E. Kelly 
Commissioner 
104 Bracy Street 
Jeanerette, LA 70544

Mr. Glynn Carver 
Commissioner 
Route 1, Box 693 
Many, LA 71449

Mr. Bill A. Busbice, Jr. 
Commissioner 
116-C Jean Baptiste 
Lafayette, LA 70503

SUBJ: Amendment of ByLaws: Election of Officers

Gentlemen:

As you know, Commissioner Gattle, at the January meeting, verbally stated his 
intent to amend the bylaws to change the election of officers from the January 
meeting to the December meeting. For your information, I have enclosed the portion 
of Article IX of the Commission’s Bylaws which governs amendment of bylaws.

An Equal Opportunity Employer



Commissioners 
January 28, 1998 
Page 2

In accordance with Article IX, Commissioner Gattle has asked me, on his behalf, to 
provide you with written notice of his intention to amend the bylaws accordingly as 
well as a draft of the proposed amendment, which is attached hereto.

This notice and draft will be included in your packet at the February meeting, and 
action on this amendment to the bylaws may be taken at the March meeting.

As always, please contact me if you have any questions.

c: James H. Jenkins, Jr.



ARTICLE IX

* * *

AMENDMENT OF BY-LAWS
These By-laws may be altered or amended at any regular meeting of the 
Commission by a majority vote of the commissioners present at the meeting. 
However, no such alteration or amendment shall be considered unless (a) 
notice of the intention to alter or amend the By-laws shall have been given in 
writing at a previous meeting of the Commission, and (b) a draft of the 
proposed alteration or amendment shall have been sent to each member of 
the Commission at least forty-eight hours in advance of the meeting at which 
action on such alteration or amendment is to be taken.



Not in Final Form

ARTICLE IV

ELECTION OF OFFICERS AND APPOINTMENTS

1. Officers shall be elected annually at the regular meeting of the Commission 
in damoefyDecember. at which the members shall elect, from among their own 
number, a chairman and a vice-chairman, to hold office for one year, or until 
their successors are elected. The Board shall not be bound by any particular 
order of succession in the nomination of members for election to office.

2. In case a vacancy shall occur among the elected officers, due to death, 
resignation, or other cause, an election shall be held, at a regular or special 
meeting, to fill the vacant office for the unexpired portion of the term.

3. Within the terms of their respective appointments, any member elected as 
Vice-Chairman who shall have served in such office for one term, shall be 
eligible to succeed himself. Any member elected as Chairman who shall have 
served in such office for one term shall be ineligible to succeed himself in the 
year immediately following his service as Chairman.
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PAYMENTS FROM COLLECTION EFFORT 
0 

$0.00 
2 

$49.00 
57 

$11,069.67 
AMOUNT PAID TO COLLECTOR 

$0.00 
$12.25 

$2,767.41 
FORFEIT OF CONFISCATED COMMODS 

0 
$0.00 

1 
$3,202.60 

2 
$3,202.60

a g ah > to►3 n a  m n o nH Pd PI to !3d M •l fi to PI M too b h to b h ■

t o  ®  O  O  ’ PI O Pi . ,n 3 pi h ri pi a  to pato H H O to

B = B

I.• W

- =

to o w to ^ to m HOP1

i n
s i  E

U itoHc

II * rII oII n aH H II > HO O O O H O O o o OOOOOH-O-O to II o o o to w o toII PI H HII to o >II o H zII H < >II \  n HII H G r  aII ko pa pjII kD B M BII oo m■to to II to to pdto to to UI II UI H 4 H HUI W UI o II o o H 2' II 3 1-3 HH UI w o II o © o G Zto to to to LO to to to to to to to to to to w o to II to to to to > H 2O O O O kO o o o  o OOOOOOCJ© UI II O O O UI s ~s. H H
o o o o to o o II . . .  ■ o UI EC o oo o o o o o o o m ^ 00 II O O O CO H Z *1o  o o o o o o O O OOOOOHtoO H II O O O H •>.1 1 1 II H > sII kO n hII kO ►e rII ro h aII < cII H HII * 14 BII ►4 P)II nH II H > Pd >*«0 00 UI II UI to © m zo o o  o  to o  o o  o OOOOOWOOkO UI II O © © UI P3 -o ►d 0II to oII O B pd bII H H HII •v to toII HO 8II kO >1 PIII ko b »11 •o Hto II to ►<to to to H II H 1-3 Mto H to Ui II Ui o >Ui to o 03 II 03' * - II ©H ■U iU o II o hi H >-3to to to to kO to to to to to to to to to to «J to Ok II to to to Ok g -V O© © © © kO © © o © OOOOOHH© 00 II © O O 00 o UIII h a© © o  © to © © © o 0 0 0 0 0 0 - 0 0 iU II O O O lUo  o  o o to o o © © o o o o o to o o o UI II o  o o u> H 1-31 1 1 II © PIII ©IIIIII

CO
IIII 46

H H to UI II UI nII >o to Ui to Ui II H UJ H Ui toto to O Ui H H H UI © UI -0 UI II fx UI UI UI PI-0 o  h o  m ~4 to oo UI to H00ipt|p»-0uiif̂ -0 H II 03 H UJ H toII HII II zII II nII II mII II © hdII II HI-3to II to II to HH II to II to u> oII to to to II to H zUI II to H to to to to H W to II to to•o II to to UI UI to •O H H to to -O UI to II -0 Ok to H H 1-3UI II to H 00 UI Ok 03 O 00 •O H © © to II H © UI -0 © oII II > ©kOII 00 to U) H Ui UI to to totOCTkiUHOkUIO Ui II © CO UI H CO 0to II to Ok Ui kO H kO UI H w UIUIOiUUIHUIH UI II Ui Ok to to o >UI o  ro ko ui ui to O UI Olf^H©©«&WtO -0 II H ui Ui Ok i-3
m O Ui © to Ok Ok Ok to © -OOiUiUUltOtOUl © II to iU o  toro II O H O iU lU H © to © U1©©U1H©00© H II H Ui O UiI I I I I



i

i—■ i—* i—*00 ui to vc □>H H H H H
1 I I I I

W  H  H  H  CTv 00 U1 tO VOUi o  o  o  o

OJH
1

o

H
I
OJo

tditibdcncnvitncncncnUi 01

PI

on
toH
G

n -o

onuio

</>itx
OJ
OJ

onvoo
COCO

H H HI—* on ~o on i—• i—* t—* 
V O C O O t O O l O - O - O O K  o

IIII
IIIII
III
II
I
I
II

</></>•w h* i-* on v> <s>~JH-OW<nHHV>OOHHHiP''JO<Tl
it̂ on̂ voCTvvovocn <n 
• O t O H V O O O H H i e » - V » O J  
C O t O H V O t O O t O O J O O
O O n - O O l M O J O C O O HtooooonouiHoo-J

o
oo

oo

HHH
PIw

§Hw

H

§ §
** <3 <3 !2 Hpj Pi M co vo 93 SO PI H H W

H  H  I I  W
Kj Kj pi OJ M  

<31 CO on o

H
« no -O H >to VO O  ifr H H A. w

o j o  vo on to <D -0 O  OJ pi
toIII

<n
Hiili oH ii >ii to to ►6on II vo on to to to to p]

•o II OJ o oj to on to to
OJ II H to to o H OJ 03

II ■■ - - 'vo ll on to to o H H VO H toto li *» to vo oj oj H VO -0 to iOJ II on o oo on h 0J to to on "4
PI<n ll o o on to to VO vo -o on 03

oo ll or o vo A 03 H to oj to l
H
VOvo
00



MONTHLY CIVIL RESTITUTION REPORT

PERIOD NO. CASES AMOUNT CREDIT FOR NO CASES AMOUNT DISCOUNTS
FISCAL YEAR 1993-94

ASSESSED ASSESSEDSALE GOODS PAID PAID TAKEN

July, 1993 25 21,039 (9.778) 29 4,855 2.545
Aug.. 1993 53 44,922 (1.137) 41 7,950 3,603
Sept, 1993 42 137,635 (17.938) 35 6,783 3,048
Oct, 1993 49 21,471 (11,282) 40 3,285 1,519
Nov., 1993 57 31,207 (13,260) 32 3,053 2,845
Dec., 1993 53 13,777 27 6,507 6,713
Jan., 1994 38 18,918 32 4,423 2,831
Feb.1994 68 38,131 (8,238) 46 9,124 5,993
Mar., 1994 38 22,739 (2,482) 51 10,854 6,796
April, 1994 14 44,732 (1,404) 27 7,307 4,632
May. 1994 10 4,504 (165) 7 5,447 3,808
June. 1994 29 26,167 (2,986) 12 1,886 1,214
Total FY 1994 476 425,242 (68,670) 379 71,474 45,547

FISCAL YEAR 1994-95
July. 1994 17 2,127 (335) 23 2,101 1,437
Aug., 1994 41 96,403 (3,035) 20 1,010 60S
Sept, 1994 34 14,614 (14,002) 26 2,596 2,342
Oct,1994 94 17,426 (8,677) 38 2,922 3,179
Nov., 1994 43 103,592 45 3,992 2,803
Dec., 1994 68 31,400 35 4,315 2,329
Jan., 1995 55 27,601 52 7,493 4,921
Feb, 1995 70 61,119 41 6,472 3,973
Mar., 1995 31 25,072 44 8,315 4,737
Apr., 1995 13 15,353 16 3,565 1,538
May., 1995 23 11,632 16 4,315 654
June 1995 45 31,008 18 2,630 1,025
Total FY 1995 534 437,347 (26,049) 374 49,726 29,543

FI CAL YEAR 1995-96
July, 1995 0 0
Aug, 1995 46 17,425 27 9,028 1,729
Sept,1995 1 125 21 3,093 2,049
Oct,1995 122 206,244 29 2,720 1,161
Nov., 1995 55 23,124 62 10,151 6,383
Dec., 1995 50 18,607 32 4,781 2,803
Jan, 1996 49 13,815 (15,296) 36 5,297 3,473
Feb, 1996 50 14,717 38 5,778 3,417
Mar, 1996 33 24,937 36 6,035 3,422
Apr, 1996 30 11,007 36 7,173 2,712
May, 1996 23 7,989 24 3,942 2,020
June 1996 50 22,151 16 2,790 1,182
Total FY 1996 509 360,141 (15,296) 357 60,787 30,350

Perceal Percent 
DolUn Paid Cases Paid

27.5% 79.6%

18.1% 70.0%

25.3% 70.1%

FI CAL YEAR 1995-96

July, 1996 40 71,894 32 5,250 2,948
Aug., 1996 32 5,363 32 6,255 3,784
Sept,1996 41 7,210 29 2,260 1,327
Oct.1996 29 11,093 25 3,698 2,262
Nov.. 1996 20 10,009 22 1,625 698
Dec., 1996 13 238,466 22 5,877 2,122
Jan., 1997 27 11,755 17 4,393 2,377
Feb, 1997 47 18,521 42 8,580 5,553
Mar, 1997 26 13,434 27 5,000 2,758
Apr, 1997 10 2,909 15 2,323 1,299
May, 1997 20 11,683 15 5,199 1,399
June 1997 5 8,037 10 2,335 765

Total FY 1997 310 410,373 0 288 52,794 27,290

FICAL YEAR 1997-98

July, 1997 10 2,812 8 1,585 823
Aug., 1997 14 8,741 8 1,496 779
Sept, 1997 29 19,926 12 2,052 1,278
Oct, 1997 12 4,717 23 3,185 2,064
Nov., 1997 23 54,965 10 2,425 1,218
Dec. 1997 25 36,881 IS 4,377 2,776
Jan., 1998 42 30,026 17 5,300 3,534
Feb., 1991 
Mar., 1998 
Apr., 1998 
May., 1998 
June 1998

19.5% 92.9%

Total FY 1998 155 158,068 0 93 20,420 12,472 20.8% 60.0%



SCHEDULE FOR FINAL RULES TO BE PUBLISHED IN STATE REGISTER

FEB-98 RULES - Proof of Income (Spotted Seatrout, Mullet &
Saltwater Rod & Reel License)

MAR-98 RULE - Daily Take & Size Limits Set by Commission -
Reef Fish
RULE - Black Bass Regulation - False River Lake

APR-98 RULE - 3-Day Basic & Saltwater Nonresident Fishing
License Fees
RULE - Hunting of Farm Raised White-Tailed Deer & 
Exotics
RULE - White-Tailed Deer Importation

MAY-98 RULE - Apprentice Fisherman License



j.lines II. Jenlcins, J 
Secretary

D eportm ent of Wildlife one! Fisheries 
Post O ffice Box 9 8 0 0 0  

Baton Rou^c, LA 7 0 8 9 8 -9 0 0 0  
(5 0 4 )7 6 5 -2 8 0 0

15 January 1998

M.J. "MiUe" Foster 
Governor

Mr. Jerald Hanchey, Chairman
Wildlife and Fisheries Commission Minerals Committee 
101 Eton Circle 
Lafayette, LA 70508

Dear Mr. Hanchey:

The enclosed document is a preliminary draft copy of possible revisions to the regulations for seismic 
activity in Louisiana. Pursuant to the Commission’s directive of 5 December 1996, we have studied various issues 
concerning seismic and protection of wildlife and fishery resources, and have formulated these draft rules. They have 
been reviewed internally by both technical and legal staff. They will be initially presented to the Commission’s 
Minerals Committee at the meeting scheduled for 8:45 AM on 5 February 1998, in the fourth floor conference room. 
We then plan to seek public input. Under the Administrative Procedure Act (APA), state agencies must publish a 
Notice of Intent to adopt new rules or amend existing rules, and allow for public comment before finally adopting 
any rules. The Department must submit proposed rules to the Committee and the full Commission for consideration 
as a Notice of Intent. This presentation to the Minerals Committee is in advance of any formal rulemaking activities. 
We want to inform the Commission and the interested public, and solicit preliminary comments before we begin 
rulemaking procedures. We anticipate organizing a series of public hearings to inform the public of these draft 
regulations. We will also be seeking the Committee’s guidance regarding the best way to accomplish public outreach 
with these rules.

In addition, we are sending copies of the draft rules to members of the public who expressed interest and 
concern about seismic activities in the state including Tulane Environmental Law Clinic and representatives of 
various commercial fishermen’s organizations and the seismic industry.

Should you have any questions, please contact Karen Foote at (504) 765-2384 or Heather Finley at (504) 765-2390).

John E. Roussel
Assistant Secretary, Office of Fisheries

C: Mineral Committee Members:
Danny Babin 
Tom Cattle 
Norman McCall 

James H. Jenkins, Jr., Secretary

A n l o ]>|*orl uni ty '.llll'liii|'li>yv



December 24,1997
Page 1

TITLE 76
WILDLIFE AND FISHERIES

PART I. WILDLIFE AND FISHERIES COMMISSION AND
AGENCIES THEREUNDER M

Chapter 1. General Provisions 

Reserved

Chapter 3. Special Powers and Duties

Subchapter A. Seismic Exploration 
301. Regulations

In order to prevent the destruction of, or injury to the oysters,,#nmp^fish,and other aquatic life, wildlife, 
or other renewable natural resources, of the state ofLouisiaha,-andtpursuant to the authority conferred 
by Article IX Section 7 of the Louisiana Constitution of 1 9 7 F L o u isiana |^§ il^S ta tu tes  Title 30, Section 
214 et seq. and Title 36, Section 609; the following rules* *sh'aU from and a # r #om ulaation date, govern
any exploration work involving the discharge of explosives and other energy sources in the state of 
Louisiana for aeoohvsical exploration. . \

A. 1. The Louisiana Wildlife and Fisheries Conimission. pursuant to its constitutional authority, 
hereby designates how exploratipfr work shall be c o # # fe B 'insofar as it relates to the fish, 
seafood, aquatic life, o y s te rs ,^ M ie  and w^terbottomgpf the state shall be conducted under the 
following -regulations . No Gcisrnie geophysical ex o& tion  work shall commence be started 

^  ---------- - of d 8 % e c re ta ^ G i the D ir im e n t  or his designee. The 1 —without the approval 
Department of Wild I if e a i i r  FisheriesiMarine^Friheries Division Seismic Section

Louisiana 
is hereby

authorized and directeftfiolihforce andldmlhlstir'these regulations with full power and authority 
to ^ ti^ ill  aDDroprlat#acti#s to ensOre-iproper administration and compliance. The Louis iana

endowed with any and all rights, powerar ttnd-authority 
necey ia iy ^ enforce and adminiotcr sa id regulations and any and a ll rights, powers, and authority 
to take suefracfcons which a re consistent therewith and-incidcntal the re to.

2. A ppli@ i^sf|fo8ft' permit^sV permission to operate shall be made by letter giving the names 
o T th P p S r is h e s t^ ^ l^ ^ se ismographie geophysical exploration is to be conducted. A permit 
Written p e rm is s io ^ # ^ S k b e  granted for a period of one year from date of approval, unless 

#5therwise soecifiecfminErBer to obtain permission to operate. Seismic operator an applicant shall 
/  furnish the Depaiirrieht'a surety bond in the amount of $75,000 $200.000 from a  bonding 

company approvecFbv the Department and licensed to do business in the state of Louisiana and 
to whom A.M Besfand Company has given an “A-" or better rating. Bond forms may be obtained 
from the SeismicTSection of the Seafood Marine Fisheries Division, of the Department. The bond

* should shall##  filed by the applicant prior to issuance of any permission to operate. Said bond 
shlppul'ranfee payment of all shot hole fees and mileage fees, inspector fees, all compensation 

V  f  for5am a|ie to state land, and waterbottoms (including failure to remove eouioment and trashL 
'^ o y s te rs , fish and other aquatic life, or other natural resources, man-made canals, bulkheads, 

rights-of-way and structures for which said permittee may be legally liable, and which may be 
suffered by the state of Louisiana or others, as a result of injury to said oyster beds or the oysters 
thereon, or other natural resources, canals, bulkheads, rights-of-way and any structures 
occasioned by said geophysical work. The bond shall also guarantee part or all any fees for 
services rendered by the Department and its offices in accordance with regulations of the 
Louisiana Department of Wildlife and Fisheries or the Louisiana Wildlife and Fisheries
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Commission and all applicable penalties, and any other liabilities to the state of Louisiana incurred 
by the applicant during the setsmte geophysical operations. In addition, geophysical operators 
applying for a  renewal of the letter of permission to operate must have demonstrated a record of 
sound business practices bv making timely payments of seismic fees to the Department, and bv 
being in complete compliance with the Department's regulations including those regulations 
reouirino notifications and timely submission of seismic exploration data daily reports.

3. AE. The Department may, after seven days written notice to permitteefsuspend or cancel the 
seismic permit granted pursuant hereto for failure by the||ehriitteefto make timely payment to the
Department for obligations owed to the state of Louisiaha for the following:

a. any adjusted shot hole fees and mileage fees;
/ f

r

b. any compensation for damage to state lands, water bottoms, oysters, fish and other 
aquatic life, or other natural resources, man-made^canals, bulkheads, rights-of-way and 
structures for which said permittee may be legallyjable, and which may be suffered by oyster 
beds or the oysters thereon, or other natural resourceslSnafs^bulkheads, rights-of-way and 
any structures occasioned by due to said geophysical work; 8k.

c. anv fees for services  rendered bv LDWFipersbnnel in overseeiha"oeophvsical exploration:

d. any applicable penalties.

4. Operators shall submit a 1:24:000 scajeftnap and affhap on an 8 .5 "x ir  page showing, at a 
minimum, the outline of thellrofict for comparison wHh Department databases of threatened 
endangered, or sensitive wildlife and fisheries resources, r h oweverr Operators shall notify the 
Seismic Section of the Seafeod MarinlliBsheries^P ivis ion. before beginning s eismic- operation 
anv geophysical expiolation on a  |N o toB 6nF of Beginning of Seismic Operations" Form,

|§g|ct areas in which the geophysical operations are to be
"Notification of Beginning

Seismim0peratlons" form obtained from the Department and a detailed map to the appropriate 
parlsH'clerk of court showing the exact areas in which the geophysical seismic operations are to 

^be^conducted, and the identities of the landowners or persons granting the permits to survey as 
pvell as the estimated time period of the operation. A duplicate certified copy shall be sent, return 

/  receipt requested of hand delivered, to the Seismic Section. Required by Act GG2. Soo appe ndix 
/  7. The operator shall submit notification to The Department must a lso be informed the

Seismic Section#  interruption and or cessation of work as directed by Revised Statutes 30:217. 
\  If a change orgHe line  in the pe rmitted right of wav prospect or line is necessary the geophysicala
mogeratorjvilllprovide a new plat with the revised-line change drawn on it. If a change on the

brosbectforiine affects different properties, or leasehold interests, the geophysical operator will 
new plat with a new prospect or line drawn on it, and no work will begin until this change 

^*4 ias*E een  furnished to the Seismic Section and the Seismic Section Department and the 
Department has indicated its approval. The granting of permission to operate does not give the 
operator the right to trespass on. or conduct activities on private properties, nor does it relieve the 
operator of the responsibility for damages to private property. An operator shall organize a ere- 
proiect meeting with the appropriate agencies, permittees, and other interested parties in the 
area of the proposed project. This meeting shall be to inform the public and the appropriate 
agencies of the scope and duration of the proposed seismic project.
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-- G: Any seismic operator performing exploration on highway rights-of-way, and on other lands subject
to non-highway-rights-of-way, ecn/itudea, and casements, must furnish this Department w ith evidence
of consent of abutting property owners before perm ission will be granted, as directed by Revised Statute
30:210.

B.E. Each seismic geophysical exploration crew working in the state of/Louisian^shall always be 
accompanied bv a seismic agent under the supervision of the Seismic Sectfon.-unlfe s-oxception has 
been granted-by the Department. When a  -seismic opemtof^cm plpy^m bn^than one working

be ass igned to each working component. The se ismic ̂ operator willb ^ch arg ed for-each additional 
eg e t*  The A Seismic Inspector may be present during the shooting operations of the party or parties
operator to which he or she is assigned.------W. Inspectors-assigned to seismic crews are unde r the
supervis ion -of- the Seismic section of the Marine r ishenesCDivts ion of -the Office of f  isHcriea of the 
Department-Chief of the Seafood Divis ion of the-Ocpartm'ehh

1. The Seismic Section representative Departments ^ t̂ poryî ^ ^ r e q u e s t  shall have access to
all records, including without limitation, sueh-as shot point IqcSSoB m p s . and shooters' logs and
tracings, but only to the extent necessary to determine tha t^WpmiSctiye re quireme nts were in
compliance with these regulations.----- -------------------------- -----------  ^

2 . The -mte rpre tation of the s e- ru l̂ ^ h d  -regu^ ti^ ^ g (h(y g )artmcnt's supervisor will be 
acce pted-by the s eism ic operator-andrthe se ismic inspeeto^ y ~"

2. 9. The party chief or payim anagem shall instruct the members of his party as to the 
reouirements of these rules^and regulations, and tgitiie duty and authority of the chief of the 
Seafood Division of the Department Seismic Sectionfand the Seismic Inspector.*
3.2. J h e  party chief manager shaft furnish the Seismic Section’s representative seismic
supe wispr with whatever transportation jgin^eded to allow him to visit the working areas and shall 
transport ;the Seismic Section’s representative to whatever locations he or she requests, tf 
requested

4¥. The Seismic Inspector has the right to step halt any particular operation (e.g, surveying, 
drilling, shooting, or picking up equipment) or any portion of an operation, if, in his opinion, it will 
viojatelhe Seismic Section’s above  rules and regulations. He or she does not have the authority 

the cntire^x|foratipn work. If, in the opinion of the Seismic Inspector, such violations 
^con tinue, he or she will immediately contact the Seismic Inspection Manager Section 

 ̂Administrator. Members of the exploration party seismic crew will assist the Seismic Inspector 
in doing so -him or her to do this with a ll the facilities at their disposal. The Seismic Inspection 
Manager shall hive the authority to halt the entire project. The Department mav. after 7 davs 

■A notice, revoke the operator's letter of permission to operate for lust cause.

jThWlDepartment recognizes that conflicts mav arise from time to time between parties 
''regarding the right to work in Louisiana waters. The Department shall have the authority to shut 

" ^ down or curtail seismic operations at the discretion of the Secretary or his designee in order to 
avoid or lessen these conflicts. In the event the Secretary or his desionee should deem such 
action necessary, advance notice will be given to geophysical operators in the area.

6AB. No Seismic Inspector shall have the right to release any operator from the obligations 
imposed by these rules and regulations. Exceptions to these regulations may be granted by the 
Department only after written application bv the operator setting forth reasons therefore. The
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release, signed by the Secretary or his designee, will designate the particular area and rule 
affected, and the procedures to be followed in lieu of any established rule.

7AA. The party chief or party manager is required to-notify the Seismic Section if the-s eismic 
inspector-is-n o t-on the-job, and will notify the Seismic Section administra to y i  ^should be 
necessaiv to relieve the inspector at anv time . Differences which mav arise between the seismic 
inspector and the party manager will be referred to the Seismic Inspection Manager.

A
OF. The operator must make a separate report must be mod e fe r each ;:d l^$h |ther or not shooting 
is in progress, (Daily reports must furnish complete infonSion as in d ic M ^ # # % g p o rt form, and

manager with-o-writt err request. rr

D. on any wildlife refuge, waterfowl 
refuge, scenic river or stream, game preserve, fish preserve oahatchery, or oyster seed ground

division in charge of such refuge, preserve, river, stream, hatchery omeservation. While operating 
on anv wildlife refuge, waterfowl refuge. scenic^river>stream. game-preserve, fish preserve or 
hatchery or ovster seed around reservation. thefopefitoBmust abidBbv'aH rules and regulations of 
said area, in addition to these seismic reaulati6hW#theWxtent applvf

ET. Boats, marsh buggies, airboats. or other ty p e s#  marsh vehicles, when used, must be used so 
as to cause the minimum disturbance or damage to th# lands, waterbottoms, and wildlife and 
fisheries resources thereon. When working orilwildlife management areas, wildlife refuges, scenic 
rivers, streams, fish preserves p r Ratcheries.ipr public oyster seed grounds, the operator company 
will coordinate with the supervisor in charge of the area as to rules of the area when work is being 
done. Rules, regulations and fees may v a y rp m  cm lsuch area to another.

4*FP. No marsh buggies^hall|haye contactwithiahy oyster reef or bed, including state owned natural 
reefs, nor shall any explosivesronother energy sources be discharged within 250 feet of any oyster 
reef or bed,including any'staie^owned natural reefs, without permission of the owne r and/or lessee 
of the reeh o rl^^ lwithout the approval'bv and the Department.

G AH. Gedpfi^ical^bpefators arelpquired to furnish an oyster lease plat to each affected oyster

to the fea se (3). Geophystcal operators are required to furnish notice to oyster lease applicants of the 
proposed crossing of water bottoms for which said applicant has applied for an oyster lease, provided 

.said application(s) has been plotted on the Departments map(s).

IhiK. All pipe used iritgeophysical operations must be removed to at least six feet below the surface 
Iqflthe ground, or six-feet below the bottom in water areas, before finally leaving the shotpoint. No 
idioes shall should be left in the water or unattended on land or in water when the crew is not working.

I h .  All parties using pipe in water areas must have clearly welded or stamped at each end of each 
joint the name or abbreviation of the name of the geophysical operator company using the pipe. All 
eouioment including cables, boxes, geoohones staff poles, cane poles, anchors, etc, must be 
permanently tagged with the name of the operator.

J. M. All 2 x 2's used for survey lines must be clearly stamped with the name of the geophysical 
operator company using the stakes at approximately three-foot intervals. These stakes must be 
removed immediately upon completion of the prospect. All cane poles must be clearly identified and
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flagged for the duration of the project, and removed immediately upon completion of the project.

K N. All pipes, buoys and other markers used in connection with s eismic geophysical work shall be 
properly flagged in the daytime and lighted at night according to the navigation rules of the U.S. Army 
Corps of Engineers and the U.S. Coast Guard. In addition, all survey buovs used-in geophysical 
operations shall be colored fluorescent oreen to mark receivers, and fluorescentlred to mark the 
source line or shot line as well as show the name of the geophysical operator. All such floats in areas 
of seismic operations shall use floating line. \  * '

LQ. All shotpoints in oyster areas must be approved by the Seismic agent Section.
' - '""4MR. No explosives shall be discharged knowingly within 1,000 feet of a boat without notice being 

given to such boat so that it may move from the area.

NS. Persistent gas and water discharges spouts  caused by drilling or shooting operations of seismic 
crews will be stopped immediately bv the operator.

OG. Explosive charges or multiple charges in the-sarhe>shot hole in excess of 50 pounds shall not 
be used except pursuant to express written aytl#nza#m from  the Secretary or his designee 6htef 
of the Seafood Division. Requests for the uA#of% c i B %rqes mustjoe'made in writing, giving the 
reasons why such charges are needed, thSSze of c h a r g ^ le .u s e W , and the depth at which they 
are to be suspended or buried. Such ̂ q u e s ts  should to the Seismic Section of the
Marine f isheries Seafood Divis ion. ^Should mgjpiiple charges jbe used, the aggregate amount of 
explosives should not exceed 50 pounds withwl-spcciarperm tss ton from-the Administrator-of-the 
Merino Fisheries Division Chief of%e Deafoo&ivision. M

j l i l ^  ^ i i i  #40^
II. In the interpretation o fjhejS^ules and regufe t^ n sr th e-dividing line-between-North an d -South 

Loui9tenQ-wi|Kbe-tatitude 31 No^h.^The area-fying-seutfvof this latitude is conside red South Louisiana.

P - f /1 .  Minimum required depth of charges'in South Louisiana in a ll water areas shall be as follows
for shotsidetonated in holes: 

a. Weight of eharoe minimum required depth

...,# t?Pound or less 10 feet
Charges of 1 pound or less mav only be used in upland areas. In addition, the hole must be tamped 
before shooting and the charge must be shot on the same day it is placed.

Between 1 pound and 2 pounds 25 feet
^ Owunas ud  io>%j d o u nos or i£33 u
5 pounds uolto 20 pounds 46—
20 pounds uo to 30 pounds 56—
30 oounciifuo to 40 pounds 66—
40tp9unds up to 50 pounds 76

• 60 feet 
JO  feet 
100 feet 
120 feet

' '-^br No part of the charge shall be above minimum required depth.

e. These minimum required de pths ohall not apply to tria l charge-and-charges for determining 
condition of the weathering layer, or position-and water speed provided that-such charges are not over 
five pounds.

2. Minimum required depths of charges  in North Louisiana with exception of wate r a reas shall
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be ae follower

-------a. 5 pounds or less— ■ 15 feet
LU lUtil

1 L J  10(51

-------------Up to 50 pounds
UU ICCl

— 35 feet
dp

3. The use of suspended charges as energy sources is prohibited unless exception is granted 
bv the Secretary or his designee. If permitted, the Secretary or his desiorieelhall then set fortfi 
requirements to minimize the effect on wildlife and fisheries resources. THe|p taeihg of explosive * V
charges orMhe bottoms of the-waters of Gulf ofjMexico, Mississippi
Ghandelcuf-Sound and Lake Dorgne is prohibited. ÂJI charges  riot detonatee f ^ o i e ^ p tow the 
bottom mush be suspended and detonated at a point not be low the level midwa%Betwecn the 
surface of the water and the substratum underlying suctvwater, or-detonated  above the surface 
of the water. Unde r no conditions shoiM charges be detonated nearer than five feet to the water 
bottom orbed.

J. When-more than one shot is fired-frr the oamo hole; ̂ nd the re is anyte asp^able doubt in the mind 
of eithe r the seismic inspector or the fie ld managor.of the party as to the legaLdepth of the hote-afte r the
shot is firedrtho hote-wiU be measured for depthybefore re loading to ascertain that it is the required depth 
in accordance with the charge and depth tablo^T

Qti. No Shooting of explosive charges will be allowed only during except in davliaht hours. Exception 
to this requirement mav be made by# / written/luthorizatioWfrom the the Secretary or his designee 
in writing Chief of the Seafood Division! Sodrpequests tor ixeeptions shall most be made in writing. 
Operators must notify the SeismlcfSection ofl24 hour airquh operations: the Department reserves the 
right to prohibit such ooerationslshould circumstancesfwarrant.
V^No shooting will be allow ed# heavy fog., -y

RO:4̂ h b le s  drilled in ^dghysical operations in land areas must be capped to at least 18" and filled 
to the surface, by the qeoBhviiMffbperator persons ora g e ncy drilling these holes, before leaving the 
location.

S. All equipment includtna boxes/BaBies. staff poles, eane-poles. anchors etc, must be cleared from 
oroiecWareas befdr§ W % berator leaves the area. The operator must present the Seismic section 
with^sTreport of an iridebendenTthird party charged with overseeing site clearance. Exemptions from 
thiPrule mav be granted bv the Department if accompanied bv a written request from an affected
landowner or aoenev.

T* A fee of $135 per* seismic inspector per day will be charged to geophysical operators. This fee 
will be reviewed each January. All payments will be made by the geophysical operators directly to 
Ihe^Departmenfcon or before the fifteenth twentieth of each month. No payments are to be made to

V  '\he seismic inspectors.

U-AGr Geophysical operators making application to work on any designated red lined oyster seed 
ground belonging to the state of Louisiana will be required to pay the following fees in addition to the 
supervisory fees: $100 per drilled shot hole, or $1,000 per linear mile, whichever is greater, for 
reflective or refractive cable. For airguns only, the following fees apply: $1,000 per linear mile in water 
depths less than or equal to five feet; $400 per linear mile in water depths greater than five feet and 
less than or equal to 10 feet deep; $200 per linear mile in water depths greater than 10 feet; or, for 
3D airgun surveys: $12,500 per square mile in water depths less than or equal to five feet; $5,000 per
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square mile in water depths greater than five feet and less than or equal to 10 feet deep; $ 2,500 per 
square mile in water depths greater than 10 feet.
H. It is the intention of the Wildlife and Fisheries Commission and the Department to use any fees 
collected as a result of pursuant to this rule Rule 33 to plant shells for oyster cultch, to rehabilitate 
areas damaged by operations and as mitigation for any other damages to the coastal<area.

All of these fees are to be paid in advance. All fees will be reviewed eactiEanua/p
ask

VA6. All geophysical operators conducting operations shall#e ;exerc ise#easonable precaution and 
act in accordance with approved and accepted methods tp prevent d e s tr i# ^ ^ X % in ju ry  to the fish! 
oysters, shrimp and other aquatic life, wildlife or other-living naturaFr® urces'ofx,the stateFbf 
Louisiana, or their habitats. >

WAB. Any violation of these or any other vetid rules promulgated by the Commission or the 
Department for the regulation of se ismic ope rations, or the refusal of any geophysical operator or its 
employees to comply fully with all orders and requirements which may be made by the authorized 
personnel of the Department at the time the exploration is conducted, or any attempt to unduly 
influence any seismic inspector to abstain from the enforcement of these regulations shall constitute 
cause for suspension or cancellation of the “permission to operate^permit..cessation end the-d o s ing 
down of all exploration work, and the barrino disqualification of the party chief, party manager, and/or 
field manager, and/or the operator involved from-future operations in thissstate.

— Af~. -When a seismic operator is on coffliuous ope ration or on a  Wildlife and nshorics management 
area, or-an-oyster area; it may be come iniecessafv j i l 'additional se ismic1 inspectors to bo a ss igned. Then 
the se ismic operator will be charged fbr llfin sp o c^ rs as long .as it re mains a  necess ity.

X-AL These rules and regulations supersede all othervoiles and regulations issued prior to this date, 
and are subject to changeSy&fMe Departmentiandithe' Louisiana Wildlife and Fisheries Commission.

A U T H 0 |||M O T E : P & u lg a te # |n  accordance with R.S. 30:214 and R.S. 36:609. 
HISTORIG^NOJE^ Promulgated by the Department of Wildlife and Fisheries, Wildlife and Fisheries

Commission, T ^ ^ S ^ ( A u g u s t '1178)7 amended LR 10:410 (May 1984), LR 13:115 (February 1987),
amended LR 18:508£509I(May 1992).

a #
303. Permit?

y

ThCfollowing permits are  required to conduct geophysical operations in the State-of Louisiana:

Jjff  A permit from the Louisiana Departme nFof Wildlife-and Fishe ries for a ll seismic exploration work 
in. the . State of Louista n ^ ^  required. The supervision of this work is under  the Seismic Section of the 
Q ^ ^ o d -Dtvtston, Department of Wildlife and Fisheries, Baton Rouge, Louisiana.

^ ^ g g ^ p e fm W rom the State1 Mine ral Board is required- to conduct any geophysica l-or geological 
e’xplpra t ^ ^ ^ ! state owned lands or waterbottoms. ' Application for pe rmit should be made to the State 
MinelraTBoard, Baton Rouge, Louisiana.

----- O. -A permit from the Department of Transportation and-Development is required for geophysical
operations a long the public highways of the state. If public highways are not regula rly maintained-by the 
De partment of Transportation, it s ha ll be necessary to procure the consent of the police jury or governing 
body of the parish in which sa id public highway is located. Permits are issued by the Department of 
Transporta tion, Baton Rouge, Louis iana.
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----- C. A permit from the lirS. Army Corps of engineers, is  nece ssa ry whe n exploration^work is to be
conducted in -navigable wate rs.— Applications for such permits should -be -subm itted to the ■ District 
Engineer: Corps-of Engineors-New Orleans Dis trict, foot of Prytania Street, Now Orleans, Louisiana; 
Vicksburg District, Vicksburg, Mississippi; or, Galveston-Diatrirt,-Galveston,-Texas ;

— D. A perm it from the State Police is necessary for the transportation of •explosives over the-bighways
of Louisiana. Such permits-ore issued by the Department of Public Safety, D ivision'of State Police, Baton
Rouge,-Louisiana.— Inspection slips for such -permito1 maybe obtained from any state police troop
headquarters.

-----f . A pe rmit front the Coastal Management Section, Departme nt of Natural'Resource s , Box 44396,
Baton Rouge,-iiA-70884; I.

1. Ovster Reef is a discrete, clearly distinguishable structure which a) has been formed primarily by 
living oysters and other organisms, b) is not necessarily currently supporting live oysters, c) at least 
a  portion of which must be above the mud line, (r.e. not covered by mud or silt), and d) may support

4. Cultivation is any human activity the purpose of which is to enhance the production of oysters.

AUTHORITY NOTE: Promulgated in accordance with R.S. 30:214 and R.S. 36:609.
HISTORICAL NOTE: Promulgated by the Department of Wildlife and Fisheries, Wildlife and Fisheries 

Commission, LR 4:300 (August 1987), amended LR 10:410 (May 1984), amended LR 18:508-509 (May
1992).

I. Definition:
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NEWS RELEASE
James H. Jenkins Jr. 

Secretary
CONTACT

504/765-2923

MINERALS COMMITTEE MEETING

98-32 1/30/98

The Minerals Committee o f the Louisiana Wildlife and Fisheries Commission will meet at 

8:45 a.m. on Thursday, Feb. 5, 1998, in the Fourth Floor Conference Room of the W ildlife and 

Fisheries Building, 2000 Quail Drive, Baton Rouge, LA.

Staff will brief the Committee on the status o f seismic regulation revisions.

For more information call Susan Hawkins at 504/765-2806 (hawkins_sc @ wlf.state.la.us).

This public document was printed at a cost of $6.40. Four hundred copies of this document were printed in this first and only printing. Thisdocument was printed by the Department of Wildlife and Fisheries, 2000 Quail Drive, Baton Rouge, LA 70808 to provide timely informationabout department programs for numerous interest groups and the general public. This document was printed in accordance with the printingstandards for state agencies established pursuant to R.S. 43:31.



Louisiana Department of Wildlife and Fisheries

NEWS RELEASE
James H. Jenkins Jr. 

Secretary
CONTACT
504/765-2923

HUNTING REGULATIONS AND WMA COMMITTEES TO MEET

98-33 1/30/98

A joint meeting o f the Hunting Regulations and Wildlife Management Areas Committees of 

the Wildlife and Fisheries Commission will be held in the fourth floor conference room of the 

Wildlife and Fisheries office in Baton Rouge. The meeting will follow the Thursday, Feb. 5, 1998 

regular Commission Meeting.

This meeting will provide a forum for discussing proposed 1998-99 hunting regulations 

with Department staff. No formal action will be taken by the Commission Committees on any 

hunting regulations issued at this time.

The Department will make its formal recommendations on resident game hunting rules, 

regulations and seasons at the March 5,1998 Commission Meeting.

For more information contact Susan Hawkins at 504/765-2806 

(haw kins_sc@ wlf.state.la.us).

This public document was printed at a cost of $6.40. Four hundred copies of this document were printed in this first and only printing. Thisdocument was printed by the Department of Wildlife and Fisheries, 2000 Quail Drive, Baton Rouge, LA 70808 to provide timely informationabout department programs for numerous interest groups and the general public. This document was printed in accordance with the printing
standards for state agencies established pursuant to R.S. 43:31.
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NEWS RELEASE
James H. Jenkins Jr. 

Secretary
CONTACT

504/765-2923

BUDGET COMMITTEE MEETING SET

98-34 1/30/98

The Budget Committee o f the Louisiana Wildlife and Fisheries Commission will meet on 

Thursday, Feb. 5, 1998 in the Fourth Floor Conference Room of the W ildlife and Fisheries 

Building, 2000 Quail Drive, Baton Rouge.

The meeting is scheduled to begin following the Hunting Regulations and the Wildlife 

Management Areas Committee Meeting. A review o f the Department budget will occur.

For more information contact Susan Hawkins at 504/765-2806 

(hawkins_sc@ wlf.state.la.us).

This public document was printed at a cost of $6.40. Four hundred copies of this document were printed in this first and only printing. Thisdocument was printed by the Department of Wildlife and Fisheries, 2000 Quail Drive, Baton Rouge, LA 70808 to provide timely informationabout department programs for numerous interest groups and the general public. This document was printed in accordance with the printingstandards for state agencies established pursuant to R.S. 43:31.
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L o u i s i a n a  D e p a r t m e n t  o f  W i l d l i f e  a n d  F i s h e r i e s

NEWS RELEASE
James H. Jenkins Jr.

Secretary

98-31 1/30/98

FEBRUARY COMMISSION MEETING SCHEDULED 

The Louisiana Wildlife and Fisheries Commission will conduct its next regular public 

board meeting at 10 a.m. on Thursday, Feb. 5, 1998 in the Louisiana Room of the Wildlife and 

Fisheries Building, 2000 Quail Drive, Baton Rouge.

The meeting is open for public comment. The agenda follows.

1. Roll Call.

2. Approval o f Minutes o f Jan. 8 , 1998.

3. Introduction and presentation by Louisiana Wildlife and Fisheries Foundation to the 

Commission.

4. Discussion o f Alligator Pond in Calcasieu Parish.

5. Deer farming rule discussion regarding Mr. Donnell’s farm.

6 . 1998 Profiles and Stock Assessment for Sheepshead, Southern Flounder, Striped 

Mullet and Black Drum.

7. Enforcement and Aviation Reports/January.

8 . Division Reports.

a. Deer Hunting Season Report

b. W aterfowl Hunting Season Report

c. Presentation on Black Bears in Louisiana

9. Notice o f Intent— Amendment of By-Laws

10. Set June, 1998 meeting date

11. Public Comments

12. Adjourn

-30-
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j January 28, 1998 

I NEWS RELEASE
1 APPROVED:___

h FOR COMMISSION MEETING

lublic board meeting has been scheduled by 
A.M. on Thursday^ February 5. 1998r at the 

uilding, 2000 Quail Drive, Baton Rouge, LA.

______ _________ ^^.-inutes of January 8, 1998

3. Introduction and Presentation by Louisiana Wildlife & 
Fisheries Foundation to the Commission

4. Discussion of Alligator Pond in Calcasieu Parish

5. Deer Farming Rule Discussion Regarding Mr. Donnell's Farm

6. 1998 Profiles and Stock Assessment for Sheepshead, 
Southern Flounder, Striped Mullet & Black Drum

7. Enforcement & Aviation Reports/January

8. Division Reports
a. Deer Hunting Season Report
b. Waterfowl Hunting Season Report
c. Presentation on Black Bears in Louisiana

9. Notice of Intent - Amendment of By-Laws

10. Set June 1998 Meeting Date

11. Public Comments

12. Adjourn



January 28, 1998

NEWS RELEASE

APPROVED:_

BUDGET COMMITTEE MEETING 

The Budget Committee of the Louisiana Wildlife and Fisheries 

Commission will meet on Thursday, February 5, 1998, in the Fourth 

Floor Conference Room of the Wildlife and Fisheries Building, 2000 

Quail Drive, Baton Rouge, LA. This meeting is scheduled to begin 

following the Hunting Regulations and Wildlife Management Areas 

Committee Meeting. A review of the budget for the Department of 

Wildlife and Fisheries will occur.



James H . Jenkins, Jr.
Secretary

Department of Wildlife and Fisheries M J .  "Mike" Foster, Jr.
Post office Box 98000 Governor

Baton Rouge, LA 70898-9000 
(504)765-2800

January 28, 1998

MEMORANDUM

TO:

FROM: 

SUBJECT:

Budget Committee Members 
Susan Hawkin%^--^-S^xy^ 

Committee Meeting

Chairman Tom Cattle has called a meeting of the Budget 
Committee for Thursday, February 5, 1998 in the Fourth Floor
Conference Room following the Hunting Regulations Committee Meeting 
which is scheduled to begin after the Commission Meeting. The 
meeting is to review the 1998-99 budget for the Department of 
Wildlife and Fisheries.

Please let us know if you will be unable to attend. Thank
you.

sch

cc: James Jenkins, Jr.
Ron Couvillion

An Equal Opportunity Employer



APPROVED

January 27, 1998

NEWS RELEASE

AGENDA FOR COMMISSION MEETING

The next regular public board meeting has been scheduled by 
the Commission for 10:00 A M .  on Thursday. February 5. 1998. at the 
Wildlife and Fisheries Building, 2000 Quail Drive, Baton Rouge, LA.

1. Roll Call

2. Approval of Minutes of January 8, 1998

3. Introduction and Presentation by Louisiana Wildlife & 
Fisheries Foundation to the Commission

4. Discussion of Alligator Pond in Calcasieu Parish

5. 1998 Profiles and Stock Assessment for Sheepshead, 
Southern Flounder, Striped Mullet & Black Drum

6. Enforcement & Aviation Reports/January

7. Division Reports
a. Deer Hunting Season Report
b. Waterfowl Hunting Season Report
c. Presentation on Black Bears in Louisiana

8. Notice of Intent - Amendment of By-Laws

9. Set June 1998 Meeting Date

10. Public Comments

11. Adjourn



James H . Jenkins, Jc. 
Secretary

Department of Wildlife and Fisheries 
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

January 27, 1998

MEMORANDUM

TO: Chairman and Members of Commission

FROM: James H. Jenkins, Jr., Secretary

SUBJECT: February Commission Meeting Agenda

M.J. "Mike" Foster, Jn 
Governor

The next regular Commission meeting will be held at 10:00 A.M. 
on Thursday» February 5. 1998. in the Louisiana Room at the 
Wildlife and Fisheries Building, 2000 Quail Drive, Baton Rouge, LA.

The following items will be discussed:

1. Roll Call

2. Approval of Minutes of January 8, 1998

3. Introduction and Presentation by Louisiana Wildlife & 
Fisheries Foundation to the Commission

COMMISSIONER McCALL

4. Discussion of Alligator Pond in Calcasieu Parish 
OFFICE OF WILDLIFE

OFFICE OF FISHERIES

5. 1998 Profiles and Stock Assessment for Sheepshead, 
Southern Flounder, Striped Mullet & Black Drum

WINTON VIDRINE

6 . Enforcement & Aviation Reports/January

An Equal Opportunity Employer
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Commission Meeting 
January 27, 1998

7. Division Reports
a. Deer Hunting Season Report
b. Waterfowl Hunting Season Report
c. Presentation on Black Bears in Louisiana

8. Notice of Intent - Amendment of By-Laws
9. Set June 1998 Meeting Date
10. Public Comments

JHJ:sch
cc: Clyde Kimball

Ron Couvillion 
Johnnie Tarver 
John Roussel 
Craig Lamendola 
Don Puckett 
Dennis Kropog 
Division Chiefs



APPROVED
MINERALS COMMITTEE MEETING 

The Minerals Committee of the Louisiana Wildlife and Fisheries 
Commission will meet at 8:45 a.m. on Thursday, February 5, 1998, in 
the Fourth Floor Conference Room of the Wildlife and Fisheries 
Building, 2000 Quail Drive, Baton Rouge, LA. Staff will brief the 
Committee on the status of seismic regulation revisions.

January 26, 1998

NEWS RELEASE



January 26, 1998
NEWS RELEASE

APPROVED:_____________________
MINERALS COMMITTEE MEETING

The Minerals Committee of the Louisiana Wildlife and Fisheries 
Commission will meet at 8:45 a.m. on Thursday, February 5, 1998, 
Fourth Floor Conference Room of the Wildlife and Fisheries 
Building, 2000 Quail Drive, Baton Rouge, LA. Thu mueLiny is— to 
d i n m ni thff draft seismic rerynl a+̂ Lar,,- -ar- Viy—Bfelff- Of Lilt!
"Department of Wildlife and Fisheries. St a ^P y n i u -  BF TVtE
C23KAk4\TT€-e okj t h e  s t a t u s  n3



January 26, 1998
NEWS RELEASE

APPROVED: L- f f  \____________
WILDLIFE & FISHERIES COMMISSION COMMITTEES TO MEET

A joint meeting of the Hunting Regulations and Wildlife 
Management Areas Committees of the Wildlife and Fisheries 
Commission will be held following the Thursday, February 5 Regular 
Commission Meeting in the Fourth Floor Conference Room of the 
Wildlife and Fisheries office at 2000 Quail Drive, Baton Rouge, LA. 
This meeting is to provide a forum for discussing proposed 1998-99 
hunting regulations with Department staff. No formal action will 
be taken by the Commission Committees on any hunting regulations 
issues at this time. The Department will make its formal 
recommendations on resident game hunting rules, regulations and 
seasons at the March 5, 1998 Commission Meeting.



January 26, 1998

NEWS RELEASE

APPROVED:
WILDLIFE & FISHERIES COMMISSION COMMITTEES TO MEET

A joint meeting of the Hunting Regulations and Wildlife
Management Areas Committed of the Wildlife and Fisheries Commission

AU&C  r /zu W-*~
will Timet following the Thursday, February 5, Meeting,^Fourth
Floor Conference Room of the Wildlife and Fisheries,office,*200]

jCuQuail Drive, Baton Rouge, LA. meeting is to
1998-99 hunting regulations Alo

f W  c ~ % A > c d ^  f  t U  r



James H . Jenkins, Jr. 
Secretary

Department of Wildlife and Fiskeries 
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

M.J. "Mike" Foster, J r
Governor

January 16, 1998

MEMORANDUM
TO: Hunting Regulations & Wildlife Management Areas 

Committees
FROM: Susan Hawkins
SUBJECT: Committee Meeting

Chairman Tom Cattle has called a meeting of the Hunting 
Regulations and Wildlife Management Areas Committees for Thursday, 
February 5, 1998 in the Fourth Floor Conference Room following the 
Commission Meeting. The meeting is to discuss the proposed 1998-99 
hunting season dates, bag limits, etc. that will be presented to 
the full Commission at the March Meeting.

Please let us know if you will be unable to attend. Thank
you.
sch
cc: James Jenkins, Jr.

Johnnie Tarver 
Hugh Bateman

An Equal Opportunity Employer



James H . Jenkins, Jr. 
Secretary

Department of Wildlife and Fisheries 
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

//I)?/?/

M.J. "Mike* Foster, Jr. 
Governor

January 23, 1998
MEMORANDUM
TO: Chairman and Members of Commissi.Mk

James H. Jenkins, Jr., Secretary!^ \FROM:
SUBJECT: February Commission Meeting Agenda

The next regular Commission meeting will be held at 10:00 A.M. 
on Thursday. February 5. 1998. in the Louisiana Room at the 
Wildlife and Fisheries Building, 2000 Quail Drive, Baton Rouge, LA.

The following items will be discussed:
1. Roll Call
2. Approval of Minutes of January 8, 1998
3. Introduction and Presentation by Louisiana Wildlife & 

Fisheries Foundation to the Commission
OFFICE OF WILDLIFE

OFFICE OF FISHERIES
4. 1998 Profiles and Stock Assessment for Sheepshead, 

Southern Flounder, Striped Mullet & Black Drum
WINTON VIDRINE

5. Enforcement & Aviation Reports/January

An Equal Opportunity Employer
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January 23, 1998

6. Division Reports
a. Deer Hunting Season Report
b. Waterfowl Hunting Season Report
c. Presentation on Black Bears in Louisiana

7. Notice of Intent - Amendment of By-Laws
8. Set June 1998 Meeting Date
9. Public Comments

JHJ:sch
cc: Clyde Kimball

Ron Couvillion 
Johnnie Tarver 
John Roussel 
Craig Lamendola 
Don Puckett 
Dennis Kropog 
Division Chiefs



January 2 3 , 1998

NEWS RELEASE

APPROVED:
AGENDA FOR COMMISSION MEETING

The next regular public board meeting has been scheduled by 
the Commission for 10:00 A.M. on Thursday. February 5. 1998, at the 
Wildlife and Fisheries Building, 2000 Quail Drive, Baton Rouge, LA.

1. Roll Call
2. Approval of Minutes of January 8, 1998
3. Introduction and Presentation by Louisiana Wildlife & 

Fisheries Foundation to the Commission
4. 1998 Profiles and Stock Assessment for Sheepshead, 

Southern Flounder, Striped Mullet & Black Drum
5. Enforcement & Aviation Reports/January
6. Division Reports

a. Deer Hunting Season Report
b. Waterfowl Hunting Season Report
c. Presentation on Black Bears in Louisiana

7. Notice of Intent - Amendment of By-Laws
8. Set June 1998 Meeting Date
9. Public Comments
10. Adjourn



f .

C O V E R

S H E E T

To:  To m Gattle

F a x # : 318-559-1524

Subject: Commission Agenda

D ate: January 21, 1998

Pages: 3, including this cover sheet.

COMMENTS:

Please review the attached agenda for the February Commission Meeting and call me. Thank you.

‘ISAM- ‘M ' f -

From the desk of...

Susan Hawkins

La. Dept. Of Wildlife & Fisheries 
P. 0 . Box 98000 

Baton Rouge, LA 70898-9000

1

504-765-2806 
Fax: 504-765-0948



, 1998
MEMORANDUM
TO: Chairman and Members of Commission
FROM: James H. Jenkins, Jr., Secretary
SUBJECT: February Commission Meeting Agenda

The next regular Commission meeting will be held at 10:00 A.M. 
on Thursday. February 5. 1998 f in the Louisiana Room at the
Wildlife and Fisheries Building, 2000 Quail Drive, Baton Rouge, LA.

The following items will be discussed:
1. Roll Call
2. Approval of Minutes of January 8, 1998
3. Introduction and Presentation by Louisiana Wildlife & 

Fisheries Foundation to the Commission
OFFICE OF WILDLIFE

OFFICE OF FISHERIES
. 1998 Profiles and Stock Assessment for Sheepshead,

Southern Flounder, Striped Mullet & Black Drum
WINTON VIDRINE

Enforcement & Aviation Reports/January



Page 2
Commission Meeting 
, 1998

Division Reports
a. Deer Hunting Season Report
b. Waterfowl Hunting Season Report
c. Presentation on Black Bears in Louisiana
Notice of Intent - Amendment of By-Laws 
Set June 1998 Meeting Date 
Public Comments

JHJ:sch
cc: Clyde Kimball

Ron Couvillion 
Johnnie Tarver 
John Roussel 
Craig Lamendola 
Don Puckett 
Dennis Kropog 
Division Chiefs



James H . Jenkins, Jr. 
Secretary

Department of Wildlife and Fiskeries M J. "Mike" Foster, Jr.
Post office Box 98000 Governor

Baton Rouge, LA 70898-9000 
(504)765-2800

January 6, 1998

MEMORANDUM
TO: Deputy Secretary, Undersecretary, Assistant Secretary-

Office of Wildlife, Assistant Secretary-Office of 
Fisheries and,/Confidential Assistant

FROM: James H. (Ĵ IlEins/ Jr. , Secretary
SUBJECT: Commission Meeting Agenda - February 5, 1998

Please write on the bottom of this memo and return to Susan 
Hawkins by Friday, January 16 any agenda items your office may have 
for the Thursday, February 5th Commission Meeting to be held in 
Baton Rouge, Louisiana, at the Wildlife and Fisheries Building, 
2000 Quail Drive. This meeting will begin at 10:00 a.m. on 
February 5th. If you do not have anything for the agenda, please 
return memo and indicate so on the bottom of this memo. We cannot 
add anything to the agenda that requires commission action after we 
have published the agenda in the state journal.

Resolutions and Notices of Intent should be included with the 
list of items to be placed on the agenda. Thank you for your
cooperation!
JHJ/sch

f l e a /*  r tT ^ h
Commissioners
Don Puckett 
Winton Vidrine 
Hugh Bateman 
Bennie. Fontenot 
Karen Foote 
Wynnette Kees 
Karl Turner 
Lyle Soniat 
Phil Bowman

Gf o r  /fa- S G c ^ ' f A e  r  f o  V r ' J  ^  r  J

___ j_  __ , An Equal Opportunity Employer
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Jam es H . Jenkins, J t
Secretary

Department of Wildlife and FisLerics
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

January 6, 1998

M  J .  "Mike" F oste r J x .  
Governor

MEMORANDUM

TO: Deputy Secretary, Undersecretary, 'Assistant Secretary-
Office of Wildlife, Assistant Secretary-Office of 
Fisheries /Confidential Assistant

FROM: James H. Jr., Secretary
SUBJECT: Commission Meeting Agenda - February 5, 1998

Please write on the bottom of this memo and return to Susan 
Hawkins by Friday, January 16 any agenda items your office may have 
for the Thursday, February 5th Commission Meeting to be held in 
Baton Rouge, Louisiana, at the Wildlife and Fisheries Building, 
2000 Quail Drive. This meeting will begin at 10:00 a.m. on 
February 5th. Tf you do not have anything for the agenda, please 
return memo and indicate so on the bottom of this memo. We cannot 
add anything to the agenda that requires commission action after we 
have published the agenda in the state journal.

Resolutions and Notices of Intent should be included with the 
list of items to be placed on the agenda. Thank you for your 
cooperation!
JHJ/sch
cc: Commissioners

Don Puckett 
Winton Vidrine 
Hugh Bateman 
Bennie Fontenot 
Karen Foote 
Wynnette Kees 
Karl Turner 
Lyle Soniat 
Phil Bowman

An Equal Opportunity Employer
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OFFICE OF WILDLIFE 
ASSISTANT SECRETARY



James H . Jenkins, Jr.
Secretary

Department of Wildlife and Fisheries 
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

M.J. "Mike" Foster, Jr.
Governor

January 6, 1998

MEMORANDUM
TO: Deputy Secretary, Undersecretary, Assistant Secretary- 

Office of Wildlife, Assistant Secretary-Office of 
Fisheries and,/Confidential Assistant

FROM: Secretary
SUBJECT: Commission Meeting Agenda - February 5, 1998

Please write on the bottom of this memo and return to Susan 
Hawkins by Fridayf January 16 any agenda items your office may have 
for the Thursday, February 5th Commission Meeting to be held in 
Baton Rouge, Louisiana, at the Wildlife and Fisheries Building, 
2000 Quail Drive. This meeting will begin at 10:00 a.m. on 
February 5th. If you do not have anything for the agenda, please 
return memo and indicate so on the bottom of this memo. We cannot 
add anything to the agenda that requires commission action after we 
have published the agenda in the state journal.

Resolutions and Notices of Intent should be included with the 
list of items to be placed on the agenda. Thank you for your 
cooperation!
JHJ/sch
cc: Commissioners

Don Puckett 
Winton Vidrine 
Hugh Bateman 
Bennie Fontenot 
Karen Foote 
Wynnette Kees
Karl Turner
Lyle Soniat
Phil Bowman

An Equal Opportunity Employer



Department of Wildlife and Fisheries 
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

M.J. "Mike" Foster, Jr.
Governor

January 6, 1998

MEMORANDUM
TO: Deputy Secretary, Undersecretary, Assistant Secretary-

ecretary-Office of

FROM:
SUBJECT: Commission Meeting Agenda - February 5, 1998

Please write on the bottom of this memo and return to Susan 
Hawkins by Friday. January 16 any agenda items your office may have 
for the Thursday, February 5th Commission Meeting to be held in 
Baton Rouge, Louisiana, at the Wildlife and Fisheries Building, 
2000 Quail Drive. This meeting will begin at 10:00 a.m. on 
February 5th. If you do not have anything for the agenda, please 
return memo and indicate so on the bottom of this memo. We cannot 
add anything to the agenda that requires commission action after we 
have published the agenda in the state journal.

Resolutions and Notices of Intent should be included with the 
list of items to be placed on the agenda. Thank you for your 
cooperation!
JHJ/sch
cc: Commissioners

Don Puckett 
Winton yidrine 
Hugh Bateman 
Bennie Fontenot 
Karen Foote 
Wynnette Kees
Karl Turner
Lyle Soniat
Phil Bowman



James H . Jenkins, Jr. Department of Wildlife and Fiskeries 
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

M.J. "Mike" Foster, Jr.
Governor

January 6, 1998

MEMORANDUM
TO: Deputy Secretary,^undersecretary, Assistant Secretary- 

Office i Assistant Secretary-Office of 
Fisheries itial Assistant

FROM: James H.(J Secretary
SUBJECT: Commission Meeting Agenda - February 5, 1998

Please write on the bottom of this memo and return to Susan 
Hawkins by Fridayf January 16 any agenda items your office may have 
for the Thursday, February 5th Commission Meeting to be held in 
Baton Rouge, Louisiana, at the Wildlife and Fisheries Building, 
2000 Quail Drive. This meeting will begin at 10:00 a.m. on 
February 5th. If you do not have anything for the agendaf please 
return memo and indicate so on the bottom of this memo. We cannot 
add anything to the agenda that requires commission action after we 
have published the agenda in the state journal.

Resolutions and Notices of Intent should be included with the 
list of items to be placed on the agenda. Thank you for your 
cooperation1
JHJ/sch
cc: Commissioners

Don Puckett 
Winton Vidrine 
Hugh Bateman 
Rennie Fontenot

Karl Turner
Lyle Soniat
Phil Bowman

An Equal Opportunity Employer



James H . Jenkins, Jr.
Secretary

Department of Wildlife and Fiskeries M.J. "Mike" Foster, Jr.
Post Office Box 98000 Governor

Baton Rouge, LA 70898-9000 
(504)765-2800

January 6, 1998

MEMORANDUM
TO: Deputy Secretary, Undersecretary, Assistant Secretary-

Office of Wildlife, Assistant Secretary-Office of 
Fisheries arnd,/ponfidential Assistant

FROM: James H. ibsi Jr., Secretary
SUBJECT: Commission Meeting Agenda - February 5, 1998

Please write on the bottom of this memo and return to Susan 
Hawkins by Friday, January 16 any agenda items your office may have 
for the Thursday, February 5th Commission Meeting to be held in 
Baton Rouge, Louisiana, at the Wildlife and Fisheries Building, 
2000 Quail Drive. This meeting will begin at 10:00 a.m. on 
February 5th. If you do not have anything for the agenda, please 
return memo and indicate so on the bottom of this memo. We cannot 
add anything to the agenda that requires commission action after we 
have published the agenda in the state journal.

Resolutions and Notices of Intent should be included with the 
list of items to be placed on the agenda. Thank you for your 
cooperation!
JHJ/sch
cc: Commissioners

Don Puckett 
Winton Vidrine 
Hugh Bateman 
Bennie Fontenot 
Karen Foote 
Wynnette Kees s-"̂  
Karl Turner 
Lyle Soniat 
Phil Bowman

An Equal Opportunity Employer



James H . Jenkins, Jr.
Secretary

Department of Wildlife and Fisheries 
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

M.J. "Mike" Foster, J&
Governor

January 6, 1998

MEMORANDUM
TO: Deputy Secretary, Undersecretary, Assistant Secretary- 

Office of Wildlife, Assistant Secretary-Office of 
Fisheries and,/Confidential Assistant

FROM:
SUBJECT: Commission Meeting Agenda - February 5, 1998

Please write on the bottom of this memo and return to Susan 
Hawkins by Friday, January 16 any agenda items your office may have 
for the Thursday, February 5th Commission Meeting to be held in 
Baton Rouge, Louisiana, at the Wildlife and Fisheries Building, 
2000 Quail Drive. This meeting will begin at 10:00 a.m. on 
February 5th. If you do not have anything for the agenda, please 
return memo and indicate so on the bottom of this memo. We cannot 
add anything to the agenda that requires commission action after we 
have published the agenda in the state journal.

Resolutions and Notices of Intent should be included with the 
list of items to be placed on the agenda. Thank you for your 
cooperation!
JHJ/sch
cc: Commissioners

Don Puckett 
Winton Vidrine 
Hugh Bateman 
Bennie Fontenot 
Karen Foote 
Wynnette Kees 
Karl Turner 
Lyle Soniat 
Phil Bowman

An Equal Opportunity Employer


